Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 





~TARDSLTION 


ONSTRUCTION 
TECHNOLOGY OF AVIATION INSTRUMENT CONSTR a 
(TEKHNOLOGIYA AVIATS! ONNOGO PRIBOROSTROEN IYA) 
oblate aot 1951 
: O ; 
Saari 69-74; 190-211; 341-348 















UNEDITED AND UNPREPARED FOR PUBLICATION 


== PREPARED BY 

TECHNICAL DOCUMENTS LIAISON OFFICE 
MCLTD . 
WRIGHT-PATTERSON AIR FORCE BASE, OHIO _ 





STAT 











ail 


Sanitized Copy Approved for Release mM 50-Yr 2014/01/28 CIA-RDP81-01043R002700120001-4 





Declassified in Part - 








Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


STAT 






4 
© 


g e 





Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 








. 
a ts 


en a a Net 2, [ares LO tetera Pee 


° 
cA 


LiLett 


oS 


- 


Nn 


fol el 


— 
CO 


~~ 
Nn & 


~~ 
co 


ee we ee 


ht 
<3 


Pasi) 


ase 


i 
at 


on 


Aes 


oe 
fr 


on 
o> 
! 


Pr YiPi eee. 


| table. of Contents 


i. 
26 
3. 


he 


General Statements Coccvcvcccccccsscccosososscvoscoosoooere eee 
; 
Sources of Production Krrors in Machining ceccccccccccccccoooece 


| 
Methods of Precision Analysis and Computation of the 
Technological PPOCOSSES ceccccceseceee sees ses Seo Soeseoesee® 


Conditions and Probabilities of Obtaining Set 
Tolerances in the Prodaction of Parts ccocccccccccocscorsese 


Bibliography 00 OOOO OO OOO OOO SOOOOOOSO SO HE SHO OOS ESOHOSHOESOSOOOSOSEO® 


Chapter V Allowances and Intermediate Dimensions ccccccccccccsccces 


1. 
2e 
3~ 


General Principles © OOS OOOO OOOH OSSOHOSOOSOSSSOOSOHOOSOOOFTONES 


Method for Determining the Amount of Allowance cocccccccocccce 


| 
Calculation of Intermediate Dimensions cececcccccecocescoecscos 


Bibliography COSCO O SAE SOHOOOOOHS OE SEO OSHS OSHOSESSOOOSSOSSOSOSOOSE 


Chapter XI Parts of Tooth Gearings 600000 ell 00 lee eee eeeeseseeeee 


ile 
Ze 
36 


General Principles SSeseseeeeseseeseoecineceree secre Te eer fe 
! 
Technology of Executing Typical Parts of Tooth Gearings eccccoe 
l 
Analysis for Accuracy in the Production of Toothed 
Gearings 


COSCO OO OSHS EOOEHEHOH OOOOH OEOHESHHSSOOSHESOOSOSOSOLOE 


Bibliography COS OO SOOEEOSOOEHSSOOOESSOHESO OHSS HOOPOSSOSHSSOOOHOOOS 


| 


Chapter XVIII Technology for the Production of Special Parts 


le 
Ze 
36 
Le 
De 


and Assembly of Gyroscopic Instruments cccccesceccccs 
| 


General Principles o cecvevcccccccovccocesoveseccooccowcooonsee 


Characteristics of Some Gyrescopic Instruments ccccccccccccece 
Axles and Cups of Bearings ceccccccccsccscsocososscooossolrres 


| 
Rotors COO S OOS OOOOH HH OES OHH OLOHOSHESSSOSSHOOSSOSSESHOGOEEOO 


EE el gE a A LS I ” —— 


The Frames of the Gimbals ceecccccccccccccccncccccccocoocceses 











3 


Declassified in Part - Sanitized Copy Approved for Release @ 


Page 


Chapter_II_ Precision _in. Machining 9000000088 089200 02282 ‘(cause wehbe ee 


1 
2 


50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


| 
| 
| 
| 
| 
7 
! 
| 
| 
| 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


eS ES a annie a F 
ee ER nr 


| 
| 












Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


ot Ot 2 









soak of : o000e0eeeeo? 92 | 
oe Og __Assembly. of the Bearing Unit _cocccossccseecs eoeccoce oe ‘ | 








: | , eoeeees 100 
7° Assenbly of the Gyroscope Unit \ecoccvecsceccosessee sess? 
5 . 2000S COSOCOHO® 115 
| 8. Assembly of the Damping Unit cecceccccvesevesers 
+ 
96 Assembly of Gyroscopic Instruments PPT TTT TT del 11? 
10 


t 
_—- 





| 
| 
he STAT 


Feces teh 












t 
; 
4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


——— 


IT 


PRECISION | N MACHINING 
1 


6 

18 
1. General Statements 

20 

2 

the manufactured part to the theoretical dimensions, forn, and mechanical and physi-~ 


cal properties. 


2 
24 
26 

8 


2 In cases of individual production, dimensional stability and precision of form 


is obtained by the trial-pass method, and in cases of series and mass production by 
. : | 


Precision in machining is understood |to mean the degree of correspomence of 


39 |the method of automatically obtaining measurements. ; : 


34 In machining a part by the trial-pass method, the worker adjusts the tool "to 
| 
36__ldimension™ after each pass, and then proceeds to the machining of a small section of! 


39\the part. The dimension obtained is checked, and after this the entire surface is 


42_\trial passes. The trial—pass method is not very productive; highly skilled workmen 


4 


ee 
> 


40_\machined. In precision work, the tool is adjusted “to dimension™ after two 
ae 
4 


are required for the machining of parts by this method which, for this reason, is 
used chiefly in cases of individual production. 

In work done by the automatic method , the necessary dimensions of the part are 
obtained by a preliminary adjusting of the machine (preliminary tooling), or by the 
use of suitable tools and devices. As examples of the automatic obtainment of di- 


shining-on—automatic-machines,—on-turret—lathes; 
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mensions can be carried out by less skilled workmen. The use of the automatic meth- 
f the canses of errors— 
s the technologist_to_make_a_mor: _careful analysis o 
in machining, and consequently to make a more careful calculation of the precision 


of the technological processes. 


Sources of Production Errors in Machining 


Discrepancies between the dimensions jand form of the part under machining and 
_l4ts theoretical dimensions and form, which are due to production-technology causes, 
are referred to as production errors; all |discrepancies between the actual techno— 
_|logical process and the ideal technological process are referred to as primary 
errorse 

Let us examine the basic primary errors. 

Theoretical errors, due to the use of en approximate mach diarpram. These 
errors occur as a result of the conscious juse of an approximate machining diagram 
instead of an exact one, or as a result of] the conscious use of a tool with an ap- 
proximate profile. As an example of theoretical errors we may cite the cutting of | 
thread on a screw-cutting lathe without thie necessary change-gear wheels. As we 
know, in such a case these gear wheels i replaced by others which permit only the 
approximate obtainment of the set pitch on the part being threaded. As a second ex~ 
ample we may use the cutting of teeth by * e generating method. . As a result of the 
finite number of cutting edges, the process of profile forming is interrepted, amt 


| 
or this reason, instead of an involute profile on the gear wheel which is being cut 
=i 


s aauts a broken straight line which bales 4nto an involute curve. The use of an 
| 


a = machining diagram may be justified only in.cases where the technological 


ocess is simplified and the set precision is obtained. 


Inaccuracies in equipment. Machines P actual use have & lower degree of pre- 


4sion in their work as a result of wear. acs eda lage a i However the degree of inaccuracy in the 


cution of the machine gives no “Lrecution of the machine gives no indication of its influence on the accuracy of the 
56 
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hined part. To solve this problem, a ejal calculation mst be made for each 


Be, cecaasa neki malanseentesanentitSSN 


pa For example, in the cutting of thr on a thread-cutting machine, the inaccurs 
6 


TT LT eS! gaat pp acne — ne am — - — -_ - AD _ vn —_ —_ amen 
Es of the machine results in a skew in th axis of the tap relative to the axis of 
8 . 


_'the aperture being threaded, and this, as the analytical calculations by N.N.Ushakov 
(MAT) have shown, leads to oval threads. 
Inaccuracies in the cutt tool and atbachments. In working with a measuring 
—ior a profile tool, precision in machining Ls directly dependent upon the precision 
of the cutting instrument. Precision in the execution of a nonmeasuring tool (cylin 


18 


drical milling cutters, pass cutters, etc.') has an indirect effect upon precision in 
20 


machining. For example, when & milling cutter is ground incorrectly, its teeth will 
22 


take off a chip of unequal thickness, and this will lead to a change in dimensions 
7 ani a distortion of the form of the wartaces 
Errors in the execution of idl also have an effect upon precision in 
hining. As an example we may use the e = which occurs in boring as a result of 
accuracy is the- design. of the _Jig_bearings, 29 a result of the distance between th 
s of these bearings, and as a result of other causes. 


Year of the tool. In the process of borking, a tool wears out. We may estimat 
hear Oe 


fee that the wear of a tool is in eres to the length of the path traveled 


the tool plade. Wear also depends upon the material and the geometry of the tool 
“heen the material umer machining, etce | 
42 


| 
Deformation of the elastic system machine Part—Tool*. Under the action of the 
44 


—¥orce of cutting and other forces brought to bear on the machine-part~tool system, & 
46 


_djeformation is produced in it; as a result. of this, the form and dimensions obtained 
a 
" the part are different from those which. migat have been obtained if the system 


rigid. 


gical—factor-is-examinedin-detail inthe paper by Prof . 














Be ee oS 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81 "01043R002700120007 -4 





Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


ee Cn me ely Se ee oe eee & ane ee aeaie ts Hen - 


7 The rigidity j of the elastic system|is the usual name for the ratio of the con 

2 : : 

. _'ponent. of the forceof cutting P__(this camponent being directed according-to-what— 
4 ; 

a normal for the surface which is being machined) to the displacement y of the tool 
{ 


sneee relative to the part, this years being reckoned in the same direction: 


—| 


» 6 


(pe ee. eee 
| j=X kg/mm, : (2.3) 
, (eee coe 

12 

The rigidity of an elastic system depends upon the rigidity of all its links. 
14 


_'The rigidity of the part under machining may in many cases be determined by. calcula- 


16 
= on the basis of the formulas for the material strength. For example, to det 
1g 


_imine the rigidity of a cylinder which is tC center machining, Prof. A.P.Sokolov— 
26 
e 


skiy recommends using the formla for the [flexure of a beam freely supported at two 


22 
ends. 
24 


26 a 
j=Const 
28 b 


20 


KL! 
hs 
a 


sf | 


gz, 
34. 


- - eee 
2 er 


36 Figel ~ Types of Load Curves 
z , 


The rigidity of the joints of a machine is determined by experimenting. To do 
£0 


: 
this, the joint of the machine is subjected to a definite force, corresponding in ai 
42 


| 
—rection and point of application to the stress exerted under the normal operating 
£4 


| 
_onditions of the machine, and then the deformation of the joint in the direction 
46 


_thormal for the surface being machined is measured. On the basis of the data ob- 
48 


ained, the dependence P = f(y) is set up,| where P is the load. The experiment . 
hows that the rigidity characteristics may differ (Fig.l). In some cases, j = 


| 
const and the characteristic is rectilinear; in other cases, the rigidity falls as 


4 
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3 





ET 
increase with an increase in load (curve b). The total effect of the gaps is char- 
_lacterized_ by the “break_of_the characteristic", i. e., by the displacement sof the— 
joint, determined at the smallest points i the diagram under a load equal to zero 


eB a Bae Say te oan Se ge anecthas oatt ct ea oe 
% the 
_|(Fig.2). The “rigidity of the joint” " and the "break of the characteristic™ are 





































° basic values which determine the quality of the assembly of a joint. 
7 Thermal stresses. In the process of working, the operating temperature of the Z 
cauetuwsput test system changes. As a sult of this it is difficult to determine 
si — analytical means the effect of the deformation of a part, caused by the action of 
. se upon precision in production. At the same time, temperature strains may have 
0 _la substantial effect upon precision in ma hining. For this reason, in planning tec 
nological processes one mst provide for Sides which will weaken the effect of 
a temperature on precision in machininge 
© Internal strains. Internal strains crop up as a result of cast shrinkage, 
- uneven plastic deformation, heat treatment (hardening) and other causes. 
es The effect of internal strains may be considerably reduced by creating a ratio 
= al design for the part, by perfecting methods of machining, and by introducing into 
- the technological process special Srenetitons to remove internal strains (ageing, for 
example). 
Other errors. In this last class belong errors which depend directly upon the 
104 worker, for example fluctuations in clamping pressure, unevenness of supply, etce, 


Flea also vibrations in cutting* errors connected with the action of the toolfs cut- 


42 
ting edge, etc. 
44 
{ 
£ 
46_!3, Methods of Precision sis and Computation of the Technological Processe ST 


1 


{ 
| 
For precision computation of the technological processes, two methods are used: 


Vibrations in the cutting process are oe chiefly in the smoothness of the | 
surfaces—this-probiem-is—examined Seer IIi.—For-a detaiied-analysis; 
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ae ee eee =e ee ene me ewe ewe eee = i ee = ee ee ee eee iatendhng © foes oe eee ——+ a OE he 


oe eer eee ee _ 


Oe 
1) the calculatory—analytical and 
____ 2) the_experimental-statistic 
In the calculatory-analytical method; the causes of production errors are ¢x~ 


_| posed, and analytical relationships ‘between the production errors and their causes 


ie 


are ¢ stabl ished 2 


The calculatory—analytical method is the 
— method, since it vermits direct in 
tervention in the technological processes. 

However at the present time the problem of 
dete the total error can hardly be 


aS 
Qo 


solved, in practice, on the basis of analytical 


i) 
n> 


Fig.3 ~ Effect of Vertical Dis- 


: calculations alone, since for the time being we 
placement of the Center upon the 


still lack the exhaustive calculatory and ex~ 
Precision of Diametrical Di- 


perimental data which would permit us to deter- 
mensions 


mine |the influence exerted by all primary err 


24 
26 
28 
30 
—lors upon the precision. 


The calculatory-analytical method is used chiefly to analyze the technological 


32 
34 
36 


process with a view toward establishing the effect of basic production-technology 
—ifactors upon the production errors. To determine the total (resultant) error, the 
experimental-statistical method is used. 


fe» 


Let us examine some examples of the use of the experimental-statistical method* 


Pn 


Fifi fF 


| 
Example. To determine the effect upon the precision in machining caused by tne 
meee : | 


pe 


Fae displacement of the center of rotation of a part due to the action of the tangential 
4 
component of the force of cut, 
If the center of rotation 0 (Fig.3) of a part is displaced by As in a vertical 


direction and occupies position 0,, the error of the radius r will be 














ry 


: _ / : i 7 
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8 
10 : Az? 4 

The expression ( + 52 may be ioc into a series. If, in this expan- 
sion, we restrict ourselves to two terms we obtain 
14 

ee Bee a hie nang Ee 

16 > az : 
18 eee ____(e) woe | 
20 

Substituting this into the original tion we obtain 
22 











the form and dimensions of a blank upon 





Example. To determine the effect of 
the accuracy (precision) of machining the part on an automatic longitudinal lathe, 
| 


Gd Pw i) vO 
@ ao nv fm. 
LELLLIi Lt 

P| 

| | 

| 

fo 

| 

| | 

; | 

vi 

al 

| 

| 


»* 


32 As a result of the action of the components P, and Py» the center of the rod is 


. 


34_ldisplaced from point 0 to point 0! (Mgek)e 
36 es ven ' It is evident that 00? is equal to half 
the a between the rod and the rest bearing. 






















3 
40 | Disregarding the vertical displacement, 
: 
42 we can determine the increase in the radius of 
— 
4& the part by the forma 
1 
1 | a= 
Ar=OO”"=—— cos ¢ 
48 ees Sa ee ee 
7\ 
50 


ore z is the gap between the rod and the rest bearing. 


o 
If we take P, = O.4P,, then tan 9 = 2.5 and @ = 68. 





* 
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i 


ae cos 15 68°=0, 185z 


ers a3 


ee 


or_the diams : ies d= 0.372 


The experimental-statistical method is based on the theses of the theory of 
probabilities. From the point of view of the theory of probabilities an error which 


occurs in mehining is an accidental suantlity which depends upon a large number of 
production-technology factors. 

If we execute a number of parts under a practically unchanging technological 
process, all the measurements of the machined parts will differ. This phenomenon is 
_| called diffusion of measurements. 

An error which has no constant numerical value may be characterized by a distri 


bution curve (or by the corresponding Table). Determining the diffusion of errors 


we have machined a number of parts, which 
; 
we have measured with a universal measuring 


~90 -60 -50 -40 -30 3 -10 0 +10+20 = ! tool. As a result of the measuring, it is 


~~ 


| 
established that the error x is character 
Fig.5 ~ Distribution Curve 


6 with the help of distribution curves con- 
| | lols in the following: Let us assume that 

: | some established technological process, 

ized by a certain combination of numerical 


a) Readings of the measuring instrv- 
42 values which represent its deviations from 
ment in microns; b) Frequency 
44 the nominal dimensions. Let us write the 
46_‘resultant deviations in a decreasing order of their absolute values. Then let us 
46 7 reak down the series of deviations into intervals (the smaller these intervals, the 
eds 
re exact the construction of the curve) and count the number of parts in each in~ 
erval. On the basis of the data obtained let us compile a Table according to the 
oittowing—form:—in-the-first column, iet-us show the-intervals-of the deviations 
| 


ters—lor—in-microns)s-—in -the- second; -the absolute frequency m, i. e., the TOU 
STAT 


soot riesemlsnaniresintsiet 
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— 


ae A A = 
a of deviations in a given intervals; and in the third, the relative frequency N? 
2 


_\i. ¢., the relationship_of_the. absolute diane of_a measurement to_the overall — 
4 


'_lnumber of measured parts (see Table 1). 
6 


~_ Be ee a a 
On the basis of the data of Table 1, ‘let us construct a distribution curve 
8 


(Fige5). Todo this, let us lay off 
Table 1 

the values of the errors along the ax~ 

is x, and the absolute or the relative 

frequency of a measurement along the 

axis y. The resultant broken line is 

transformed into a smooth curve when 

the number of intervals is increased 

limitlessly, and this is called the 

curve of distribution. 

The outstanding Russian mathema- 

 tician A.MeLyapunov (1857 - 1918) has 


a) Intervals in deviations in microns; 


demonstrated that, if an independent 
b) Absolute frequency m; c) Relative 


quantity is the sum of accidental in- 


| 
freauency 7? d) Total | 


dependent quantities which are as num 
36 


_'erous as one chooses, this quantity, as soon as certain additional conditions are 
3 
 ietialad , will follow the law of normal distribution as accurately as one chooses. 
i 
40 | 
7 Te factors which have an effect upon precision in machining on metal~cutting 
42__ 


| 
_machines, “and which are brought out in the works of N.A.Borodachev (Bibl.4), Be 
44 | 


_yakhin (Bibl.5), and other authors, show that the basic condition of Lyapunov’s th 


46 | 
_rem (miltiplicity of factors in machining on metal-cutting machines) is satisfied. 
48 : 


In addition, a great deal of experimental research, whose results have been | 
50 | 


stematized in the above-mentioned ai by N.A.Borodachev, has established the 
5 


' 
act that the distribution curves of errors (dimensions) in parts under machining, 
54. eee ee 


! n machine tools, obey the law of normal distribution. 
STAT 


esheeaneeatniaceina 
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| 


The equation for the curve of the — distribution law has the form 


ee ae eee 


__ (%—Xep? 
| 2 


y= WV Viz é 3 (2.2) 


where y is the deviation frequency, corresponding to the abscissa x3 
e is the basis of natural logarit ! (2.7181.060)3 
n is a constant quantity (3.ljecse)s 
o is the mean-square deviation 


0 Kgze Xuz4 Xf. | 


sey. ae See ee 
oe ee — — sme - = 2 2 oe 


-Fig.6 - The Effect of X upon the Position of the 


praerteutiod Curve 


ere N is the overall nunber of deviations: 
n, is the frequency in the sth interval (1 = 1, 2) 3,c0ek)e 
\ 
Xnean 18 the arithmetic mean of all — x, determined by the formula 


ce TE SS TS I TT 


x 


ee telat. ete (2.4) 
man M+Mgt ... My : | 


-——— we - ee ee 


4 eee 
ie with respect to the axis passing through the point x = xX » in which the 
56. : Cn ee fe 








‘oes -_ - 
aa ‘cs az we en -_ —- ea NR eee ee - 
ee — Se ee Se 
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—~ 
eee eee S oui site Ne 


0 


curve maximm is located. The inflection !points are located at a distance of +o 
2 


e_axis XI, __ 
_lfrom the center...On-both sides, the curve asymptotically_approaches_th 
4 


ad equation of the curve depenis upon the two parameters Xpean and oe 
i oe 


a 


_|(Fig.6). When o is changed, the curve changes its form (Fig.7)~- The probability 


10 


1 
fe 
| 


16 
| 


26 of the Distributicn Curve Parts with a Deviation of +x, 


18 


Fige7 - Effect of o upon the Slope ig.8 - Probability of Obtaining 


2 
: that the errors will not differ from the mean value by more than +X, (Fig.&), is 


30| 
— equal to 
32 


™ : : (2.5) 
36 


3 


The value of the adduced integral is denoted by#(z) and is determined by the - 
40Q 


—relationship 
42 


4G. 
46 


In Appendix 3 we are giving the numerical values of the adduced integral, as a 
48 


eo 
_lametion of z- Using this Table, it is easy to determine ® (z) and, consequently, to 
50 ! ; 


' 
etermine the maximum deviation from the mean value. 


As an example, let us determine the maximm deviation x with a probability of 


Bie oe 


bog, it being known that the distribution of errors obeys the law of normal distribu, 
7 ee re ee | Ge eee ee 


Oe etre eS oD a oe SED i Ene nme 
= 








| ) | STAT 
| : 
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§ 





Oe 
_|tion, and that o = 0.02. 
_i___sWhen &(z).=.0.90,.we find fromthe Tables_(see_Apperdix 3)_that———_______— 


- — -= ——— 

























, or X, = 1.65 x 0.02 = 0.033 mm. ; 
When x, = +30, we have z = 3 and 6(z) = 0.997, 1. e., the probability of ob- 

a taining parts with deviations from the mean value within the limits of+ 30 is 99.73 
ia With a probability of practically 100%, we may assume that the maximm deviation of 
: errors from the mean value is equal to +3 2 under the normal law of distribution. 
a The full field (or base) of diffusion dy will be 

‘sat oT gy 
4 —_ oC Oo 

; The experimental~statistical method is widely used for analyzing the technolog- 


26 
7 ical process. When the technologist wishes to establish the degree of the effect o 


29 
: - some factor upon the precision in machining, he makes as accurate a comparison as 
30 | 
_|'possible of the distribution curves constructed on the basis of measuring two groups) 
32 
_‘of parts produced under conditions where the action of the factor of interest here 
34 , 
_iwas different in both cases, but the remaining conditions were the same. For in- | 
36 
—istance, in a study of the effect of a given type of coolant upon the precision, we 
a 
4o_ 
—|tions, with the same material, etc., changing only the type of coolant. To obtain 
l 


ls reliable distribution curve we recommend making approximately 100 to 200 meas— 
4d | 


{ 
must produce two groups of parts on the same machine, umer the same cutting condi-~ 
I 


46 _ 
The number of parts, which must be measured in order to determine the mean- 


48 
| deviation, depends upon the accuracy with which we want to determine this | 
| 


ate ! 








— deviation. 
However, in practice, sufficiently reliable results may be obtained when the 
"| _sovoery in prction, mttite 2S Misa eee ee See 
<gpmumber of measurings is equal to waxes 100. : 
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—-——  ——-- 


-~ I 
From mathematical statistics it is evident that the mean error in determining 


iF ie a 
oe the _mean-square_deviation ia equal_to.. + tay . '_andi in determining the mean 
es 


_. arithmetic deviation, to + » where n is the number of measurings. 
se oie et eons ad sc pe es ite A oe ripe eee 
~ Thus, in order der to a o with an accuracy of +5% we mst measure the follow | 
8— 
—ling number of parts: 
{ 


0,056 = 


| 


—_ <= =-. ———_ ee oe 
eee ee 


rice 


-—— 
__'whence we obtain n = 200. | 


$ 
In order to obtain the mean-square deviation with an accuracy of +10% we must 


—imeasure 50 parts, etc. 
20 


22 
ao accuracy and reliability of x,.,, ani? ’ obtained as a result of measuring these 
24 


In cases where the number of parts 7 less than 25, we mst evaluate the degree 


ao The indicated problem is golved in courses of mathematical statistics in the 


_! following manner $ 
28 


a t the arithmetic mean, obtained on a basis of the measuring of n parts, be 
39 


ort to X,.,,» and let the mean-square deviation be equal to o. Further, let us de- 


ee the accuracy ¢ with which we want to determine the arithmetic mean, and let us 
34 | | 


! 
find the reliability « depending upon the oe on of measured parts n. 
36 


od 
3 
las to be found within the limits of | 
so] 
| 
= (ee re eee eee 
i | Xe ond Sonat §: | 


ee re ee 
— —_— —-= —ennee ee ee [ 


44 


The accuracy © is determined in accordance with the following forma (see 
46 


ib1.6): 
48 


50 


= or 
52 


a2 Knowing n ande, we can find t, and, using Table 2*, we candeterminede 
4 


ee eg ce PE TLS ST A er eT Se SPS | 


The reliability a is equal to the probability that the real arithmetic mean a ; 


56 _¢—A-more-complete Table -is -given in Bibl. — es ee pe 
ca 
ee 


eS LS NS TL TES 
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Feeniy 


8 
10 1,000] 1,000} 1,000] 1,060, 1,000 
12 | ; ,667| 0,651| 0,643] 0,638] 0,635] 0,632 
| : ,423| 0,391| 0,374] 0,363] 0,356] 0,35! 
= ° ’ ’ 0,231| 0,208) 0,194) 0,184 0,177 | 
m ,184| 0,139} 0,116] 0,102] 0,092} 0,086) | 
18 : ; ,242| 0,120] 0,083; 0,067 0 ,054| 0,047) 0,041 
| > ? 3 0,06 0,044 0,034 0,027 B 2 i 
a . ard : ‘ 
22 : 
i. Exemple. To determine with an accuracy of 0.5 othe reliability of the value of 


= 


x , obtained on the basis of measuring ‘four parts. 
mean 
Let us find ts3 


; 
1 
| 


—-s 


? eh lS TH LON SPI ALOT mS" i ae 


According to Table 2 we find that the probability P of values of t, which are | 


— 


38—numerically not less than 1, is equal to 0.391 for n-1 = 3. Consequently, the 


40_'probability of the opposite inequality a be wnatever mst be added to the preced- 
—ling inequality to make l, 4. @- will be e equal to 1 - Ps 


———— — ——— - —— il — een Oe 
——_ ee 
- - 


a=1—0,391=0, 609. | 


——we ere ee — _ =_ —--1- Oooo — eee - ee = 


48 In evaluating the accuracy and reliability of 9, we mst determine the probabil— 


50 ity of the fact that o will be confined within the limits o-€ and o + €& This | 


| 
52 ebaht lity is equal to the difference Pj - Po, where Py and Po are the probabili-_ . 


ee according to Table 3 and corresponding to the value 


56 








~e we eee 
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: ae - mut << . wn owe Benee peminen ome 
2 —-= - 
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9 
bo 


Li 


bo 
ON 


3 
28 
30 
— 


G3 
i] 
| 


Gs 
pe 
bales 


LJ 


Od 
r 


—_— — 


oO 


40 


a x, we calculate 
42_ 


ee ee ES 
- 


44 , 


46 = -— 


0,8013 
0,5124 
0,2615 
0,1116 
0,0460 
0,0186 
0,0074 
0 ,0029 


See 


~ Py=0,7871and Py=0,0074, 


— 


0,9626 
0,8491 
0 ,5494 
0,3062 
0, 1562 
0,0752 
0,0348 
0,0156 


0,9856 
0,9197 
0,6767 
0,4232 
0, 2381 
0, 1247 
0,6620 
0,0296 


0,9948 
0,9598 
0,7798 
0,5398 
0,3326 
0, 1886 
0,1006 


0,0512 


———_—_ = —— ee ee ee 


— ee ee re 
——— 
a 


__ 4-Ne 
ee 


P=0,7871 — 0,0074=0,797. 


ze 12. 


- - 7 


‘the mean-square deviation, obtained on the basis of measuring four parts: 


Exemple. To determine with an accuracy of 0.5othe reliability of the value of 


Further, according to Table 3, for n'- 1 = 3 and for the values we have found 


"> 


48 By using the stated method we can easily determine the accuracy and reliabilit | 
\ 


S0Olof the basic statistical indexes X,.an and o depending upon the number of measured 
io 


_ 


54_l_ ___tet-ns-consider-some examples of the use of the experimental-statistical method, 


Cc 
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ine oe ee ee 
a M leh * 0.3 thread on a screw-cutting machine. 
2 


_l| As a result..of measuring 180.-parts,. we. have_established_the deviations_from_the/ 


"Hl greatest value of the mean diameter. These deviations are graphically represented 


- 


es 

—in Fig.5 ami Table 1. | 
o— Let us determine the value of the arithmetic mean in accordance with ¢q- (2.4) 
10 


~_ _— — ee ee ee 
— =e eee — — 

——— or — = 
* 


1 
12 | ~ 55.2 45-5 — 35-9 — 25-35 —15-59—5 - S745: 13 Abe | 
Aaa 180 | 


1. ~—-=- wager ee er eR -——_— —_—s = —_— — ees — — a mam ~~ ee ee ee ee 
-_- —_ ~ eee -~ 


In order to determine the mean-square deviation, let us draw up Table he 


Table 4 


—40,39 163135 3262, 70 
—30,39 923,55 4617,76 
—20,39 415,75 3741 77 
—10,39 107,95 3778 , 25 
— 0,39 0,15 8,97 
49,61 92,35 * 5263 ,95 
+19,61 384,55 4999, 15 


y 25672,55 1) os wa: 
mt; (X41 — X,,)* = 25672, 55; Cuz ay micrens. 
| 


Consequently, the greatest deviation from the mean value is equal to 30 = +3 
; —* 11.95 = = + 35.85 microns. Assuming that the distribution obeys the law of normal 


46 
lle we can reckon that the total error is equal to 60, i. e- 71.7 microns. 
48 
—Under these conditions, the probability of determining the zone of diffusion (ie @e | 
50 


— 6.) constitutes, as has been shown above, 0.9973, is e. practically 100%. 
S92 


i 


Example. To determine the vercentage of suitable parts in the machining of 


54 See : ee ae es 


Sona ie © encanta ww 
66 ee 
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mete net teil Se tee a tS 
a ee ed 
pn a eee ee ee i A OE OE at ae eee st my Pte patie Caminaps am MT ee armen 


an On the basis of measuring it has been established that the curve of distribu- 
i" ‘ tion obeys the law of normal distribution’ with _a_mean~squars deviation_of_d_#» —__— 


| 
=| = 0.025 mm, the apex of the curve being displaced 0.03 mm from the center of the 


— 


| “field of tolerance toward the go-side of © of the gage. 


The probability of obtaining suitable parts is 
| 


owe ee —— — = => wow Ts a ae 


— W=O (2Z,)+-% (2,), 


7, Th. 0:05 +0,083 

4 es 0,025 
0,05 — 0,03 
=9,025 Ore 


= ie —— ee owe _— 


According to the Table of adduced a ( Appendix 3) we find that 2 (Z ry = 


= 0.499, and (Zp) = 0.288, | 
w=0 “499 4-0,288=0,787=79%. | 


ee ee ee ee — T ee ee ee eee 


| 


The probability of obtaining. dimensions 
| 
greater than the measurement of the go-gage 
(corrected defect) is equal to 


~ 0,5 —(Zs)=0,5 — = 0, 288 a0, 212—21,27 270. 


- —- 


setup on the basis of measuring certain test 
Fig.9 - Probability of | 


a 
= is evident that there will be no defec 


Obtaining Suitable Parts 


a) Center of the field of 


48 in aicnining if the arithmetic mean of the en 
tolerance 


50 tire group of machined parts Lean 18 to be 


| 
52— found within the limits (Fig.10). | 


‘4 a Lain $30 Tees ee Po 
56 en Se iy soe este ee 


‘Example. To determine the correctness of =| | 
| 
| 
| 
| 


ae 
a ee ee ee ee ee _ 
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or ape to awe 
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The problem, consequently, boils d to judging the position of L.. on the 

_\basis of measuring. a. small_number of_part 

In the example analyzed above we band shown that if x ean 4s reckoned on the 
_'basis of the measuring of four parts, i. ' with a probability equal to 0.609, we 

0.50. 
= ee expect that x... will not differ from Me more than +0.5 
| If the number of parts is increased to 

nine, the probability will rise to 0.83. 


' Thus, by increasing the number of meas- 


eo 
eee 
cele 


ured parts, we raise the probability of ob 


cos 
we AS 


ia, with a given accuracy. 
el0 = Ext Positions of the 
— ot In conclusion we should note that in the 


om 2a onl own ee a Be eee ew 
—~ “as 


Curves of Distribution when 


t3 
ho 


| 
statistical methods of analysis it is importan 
6>120 
to know with what degree of approximation the 


bdo 
On 


j 
empirical curve of distribution, characterizing some technological process, may be 
29 


od 
| 2 
- 


— taken for a curve of normal distribution. | | This problem is examined in detail in 


30 
specialized literature. 
32 


' 


34_|h. Conditions and Probabilities of Obtaining Set Tolerances in the Production of 


~~ 
deaennes naerengelionteniiatenici the sashanatialeitine-esamninich tehinse Se &- 
oi ~~ ere 
t 


Parts 
3 
4 Making use of the statements set sa above, let us examine the conditions and 


| 
— All the causes of the errors which are possible in machine operations conducted 
42 


—in accordance with the principle of the automatic obtainment of measurements, 
A 


3 
"Tlposesbanity of obtaining set tolerances Fr the production of parts*,. 
es 


° = into three groups? 

° 1) those which depend upon the type of machining}; 
2) errors in the set-up; 
3) errors in the basing. | 


To the first group belong errors which occur a8 & result of fluctuation in the 


ee a a IT ee ee Ae 
- a os. 
* 
e 
‘ 
4 
4 
1 


hy -Here-we -set-forth-the 
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"acai properties of the material, tn'the chemical composition, in the amount o 
'allowance,_ote 


2 


ee eee 
| A notion of errors in set—up may be obtained from the following example. 
6 


Figell — Setting on Fig.12 - Change of Position 
a Plane without Error of the Curve of Distribution a Plane which Causes 


24 
“4 


a Let us assume that we have machined a group of parts with a single milling cut— 


in Basing Depending upon the Set-up an Error in Basing 
3 | 


25 |'ter and without under-tooling the machine | ‘((Figel1). Having measured the machined 


0_i{ parts according to the measurement a, let us find ‘the error » which depends upon the 
3°_ltype of machining, and let us construct the curve of distribution (Fige12). Then 
34 l1et us effect the set-up a second time, and execute a group of parts. It is evident 
$6— that the curve of distribution of the measurements of the second group of parts will 
38aarter by Ay from the curve of nicietianale of the first group of parts (Figel2), 

. si it is impossible to accomplish a set-up with complete accuracye 
Ps A conception of an error in the basing may be obtained from the following ex- 
ro (Fige13)« 
46 In milling a ledge (Fige13) we mst keep a measurement L, reckoned from the 
4S—plane A, It is evident that the accuracy obtained in the measurement L will depend 


50—upon the accuracy of measurement M. | 
§2— 


! 
Keeping the measurements of all the machined parts within the limits of. toler- 


eee -possible only on condition thatq 
; | 
Sc a 
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= 


et 


where_5 is the tolerance. indicated in the | blue 


a ee eee oe = ee 


Ay is the base of diffusion dopenling upon the type of machining; 

A, is the error in the set-up and . 

Ay is the base of diffusion caused by the error in the basing. 

Let us examine in greater detail each of the errors which enter into the in- 
equation. 

1) Causes which depend upon the type ‘ai machining. 

In order to obtain data on the causes which depend upon the type of machining, 
22_\we must establish a law of distribution of dineustons (of errors), i. e. machine 
24_'a group of parts under unchanging production conditions and use an attachment scheme 

26 in which errors in the basing would equal eee: 
29 As has already been shown, the law of distribution of errors in wert done by 
the metiiod of the automatic obtainment of | dimensions . obeys the law of normal dis- 
: = tribution. In this case the basic savanseas characterizing the diffusion of the 
34_| dimensions is the mean-square deviation. | 


36 Keeping the dimensions of all the parts within the limits of tolerance is po 
32€— gible only on the condition that | 


| 
‘4. 'This condition is necessary, but still insufficient. 


46! Under the law of normal distribution, we may, with a probability of 0.9973, 


48_we know (2.6), take it that 
50 


52 


ae Consequently, 
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4 If this inequation nis not. observed, it is necessary to go over the technologic 
oh 4 ee introduce additional ma _of_some_of the_parts*,—— —______- 
£ 


= 2) An Error in the Set-up is a constant quantity, and is caused by inaccuracy 
§ 


* Ee ES OE eS CE ee Oe 


Ds oa eta At a Pesce 2 ae eter ee Ne 
..:in the set-up of the > the machine » by inaccuracy in the cutting tool or attachment. 
a 


3) An Error in the Basing is not a constant quantity, and depends upon the posi 
i 


ition of the base of departure. The base of departure is our name for the element of 


12—1 
_!a blank relative to which the dimension obtained in a given operation mist be kept 


14_| 
gas Base dimensions. is our name for the dimensions of a blank upon which the 
16 
18 
20_. 
22 
24 
26 


position of the base of departure depends | 

For the case shown in Fig.l, the dimension D is the base dimension, amd 
the point A is the base of departure. ftecmaliee an error caused by fluctuations 
in the position of the base of departure i be called an error in the basing. 


In ‘order to resolve the problem of the suit- 


a wee ee ee 
I 
i 
‘ 
i 


| ability lof one or another basing scheme, we must 
. 29 
F actenane the actual value of the error in basing: 
30 : 
x 


ani compare it with the permissible value. 


3 , ) 
+ i Let us examine the usual method of determin- 
34 Fig.l), — Scheme of Setting 


ing the ‘permissible amunt of error in the basing. 
36 on a Prism 


If we hold that inaccurecies caused by the 
3 


| 
—\tyPe of machining and setting are accidental, and that an error due to an inaccuracy 
40 | 
_lin the set-up is a constant quantity, then on the basis of the law of the addition 
2 


4 
naar accidental quantities we may write | 
44. 


re te ret ee ee et i 
——— = 


46 | S> A.+ 202 + R2A?, | (2.11) 


{ ee 
— = ete — — —_ — — oe oe ee —_—_— 


48 


—where kp ard ky are coefficients which depend upon the laws of distribution. 
50 | 


? | 

: | Resolving the inequation in relation to Ay, we obtain 
| 
( 


! 
—_— } 
; 54 |The number -of parts subject to additional machaning is determined py eRe meno 


S 56_letated-abeve 





STAT 


| 


Declassified in Part - Sanitized Copy Approved for Release ® 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 














Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


ra 
L ee. oe esd 
e right member of this inequation 1 determines the permissible amount of error 


ot the basing, amd the left member determines the actual amount of error in the 
basing. 


be 
Thus the accepted scheme of the sett of a part in an attachment may per= | 


The values of the coefficients ky = ky which enter into the inequation depend 


upon the law of the distribution of errors, and were defined by N.A.Borodachev 


z mitted only if the actual amount of error in the basing is less than the permissible 


te For the law of normal distribution ky = k,, = 1. Consequently, in this 


case computation of the actual amount of errors in in basing may be made according 
“s 


ito the following forma: / 
= 


A,<V @-—A pa 7 (2.23) 


See aa 
An error in caianing which occurs as & eGsult of an inaccuracy in the execu 


——- = 


| eon of the attachment is a constant quantity and is taken into account by the 
36_| 


<a A, which enters into the basic equation, 


3 
Taking k, = 1 and substituting into formula (2.12) we obtain 
40 Na : 
pe aa . 


Be Hem es Se 
‘| 


The attachment may be considered oe if the actual value of the adduced 
inaccuracy in the attachment is less than the permissible value. | 
The actual value of the adduced inaccuracy in the attachment, Az, is ae 
— | es to the scheme of the attachment and by the base dimensions, 
As an example of the computation of the. actual amount of error in the basing | 


_{_As an example of the cos 


—let us examine the case of a setting along a cylindrical. surface (see Fig.l). 


ee ——an ee ee ee 


— <—t 


56 
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-~ 


The dimension. h mst be kept. | | 


: _h_ is equal —__— 
s is clear from the draring (Fig.15),-the error in- dimension 3 


| 
| 


Fig.l5 — Setting on a Prism 


to ee 
ee 


From triangle ctk'o we have 


De. where a is the prism angle; 
min 


the blank. 
Dix is the diameter of the 


oi triangle c™%"o we have 
Which Causes an Error in the 2. ee aoe pe ted ati Ray Gotta 


oc’? =—_———_ id _—_ Demin 
& ! 
| sin ee: —— 
or 


a 


28 


39 


39 


39 lwhere A. is the actual amount of error in the basing. 


0,2 
a 2-0,7071 


eee ee ee ee en a ee 


3 ~~ 0,14 int. 


ci eee 
The permissible error is determined by jnequation (2.13) 


Fe scoucininiiinnens 
A <V O16—0,02 —C- O01) = 0,12 mm. 
wee A ee 
A 


4 The inequation is not satisfied, and consequently such a scheme of setting is 


‘ 
| 
| 
} 
aes 


40 


pe ee 
| eae OR ah 
7 , 
34 Let us assume that | . 
36 ~~" #50 + 0,08, D=60-o2, 2—90°, ¢,=001, 4,=0,02. | 


50 aia: 


ay The actual amount of error in the basing may be decreased by: 


. _|___9)-decreasing-the-tolerance in the-diameter-60-to the extent | 


56_ equation ———————$——$———$—$—__—- 
— : STAT 
i 
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en 
—- ee ed a a ee = EO time a cere ite) ra, 
nn one deat oly eee ns RT Ger Os ee ee a — ee J seen ool 


wd Dhan 2 aetna tol. Hefmaet Ame 


b) changing the prism angle 


14 


16 


0,12-0,2 


t 
—ee 
ee ee ee a ee er rr en 


— 0-2 00,8 and -£ = 55"; | 


c) changing the method of setting (Fig.16). 


ease = Setting on a Prisa 


without an Error in the Basing 


| 
Examining a large number of examples is inexpedient, since in all cases the 
x saan 


‘ ‘ 


boils down to finding interdependences between the error in the basing and 
a deviations in the base dimensions, | 
a 


Let us examine the method of computing the basis dimensions in the following 
50 


; example. 


: +002 
Let us assume that in a given operation the dimensions 30_o,) and 20 mst 
54 ————— 


Fe crestemctcnnin Le 





4 
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In relation to the dimension 20, the base dimension is 50. Consequently 


2 
_!the problem_boils_down.to establishing such_a_tolerance for the-dimension 50 that—— 


4 ; 
_ithe dimension 20 will be obtained ined otitis The dimension which is obtained 


6 _t 2 y , 
| inmediately in a given operation will be referred to as the base dimension. 
8 


Let us express the produced dimension (20) as a function of the base dimen- 


sion (30) and the base dimension (50): 
~~ 90=50—30. | 
oe | : 
In composing the equation we mist see to it that the produced dimension will be! 


_jin the left-hand member. 
In computing to maximum and minimm 


90. = 50, — 
20,,in== 00 in 


——— Ca i ee 


Consequently, 


—_— -~ 


~~ 50a = 20,,, +3042, = 20,2 4.29,9=50,1 mm, 


50 min 20min + 30 wa = 20,0-+30,0=50,0 . - 


| 
Thus the base dimension will be equal to 


Lu 


—_— —_— ee 


e 
ES 
nee 


| 50,05-0,05. 


e 
a 
a es ee ne 
Ne ee ee [ 


We have computed to maximm and minim, 4. e. without taking into account the | 


—'dimensional scattering. . 
44 
If the dimensional scattering obeys the law of normal distribution and the cen—- 


. writ 
ter of the field of tolerance coincides with the mean arithmetic value, we may e 


Alone following equations: | 


——= 


oe uh teed a ei at ee ee | 
a 20 = 50 — $60.2 | 


wget meaAyQ 


50, = 20, +30, = 20,1 + 29,95 = 50,05 mm, 
= bn—t=0,17 mm, 
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| _______ 50,05 :0,085, 
Git a eee let oe ee a a eee 
_li. e. the mean value has remained the sams as it was in computation to maximum and 
: minimim, but the tolerance has been extended by 0.07 mm. 
" Computation of the base dimensions, while taking diffusion into account, may be 
accomplished only when a great number of s are made. In doing this, it mst be 
—jestablished that the laws of the soni of the basic » the produced, and the 
base dimensions are close to the law of normal distribution. It mist be remembered 
_|that in this method of computation the pidatuliiia of defect is not excluded, but 


the probability of such defect is slight. 


BIBLIOGRAPHY 


6 
Sokolovskiy, A»P. - Rigidity in the Technology of Mechanical Engineering, 


Mashgiz (1916) 


8 


GQ 
Kashirin, A.Il. — A Study of Vibrations in the Cutting of Metals, Acad. Sci. 


USSR (194%) 
3. Yakhin, A.B., Malov, A.N., Matalin, A.A. and Kashepava, M.Ya. - Technology of 


4 

2 

4 

a | 

Precision Instrument rn Oborongiz (1949)- 

0 e 

2 

_'5, 

_ 

| 

—6. 

= 


Z 
3 
3 
3 
3 
Borodachsv, NeA.e — An Analysis of Quality and Precision in Production. 

; Mashgiz (1916) 

Yakhin, A.B. — The Designing of the Technological Processes of Machining. 

Oborongiz (1916) 
Romanovskiy, Vele ~ Uses of Mathematical Statistics in Experimental Work. 


| 
Gostekhizdat (1947) | 


{ 


4 
4 
4 
8 


9 


: 
+ 


59 


| 4 
Borodachev, NA. — Foundations of the Methodology of Computing Tolerances and ! 


j 
Errors in Kinematic Chains. Acad. Sci. USSR (1943) 











—— ee — 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 








Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


ee lee ee i Bes Pale ade eee Hon sme . hon te re tee enh hi Simi eee 
_ 


ON 


oe 


V 





ALLOWANCES AND INTERMEDIATE DIMENSIONS 


fat 
nr 


food 
co 


Pyrite 


le General Principles 


wD 
© 


bo 
to 


An allowance for machining is a layer of material which is subject to removal 
| 
in machining. A distinction mist be made between general and intermediate allow- 
ances for machining. | 


A layer of material, which is the difference between the dimensions of a blank 


> 


Co 


o> 
cm 


and the dimensions of a completely machined part, is called a general allowance for 


ues Itt TLE 


OG 


machininge . 
: A layer of material which is taken orf in the completion of one or another 
6_Istage of the operation is called an intermediate machining allowance. 

Se In instrument design, in the sonstractsen of small parts, the weight of the al-~ 
40_‘Jowance is often greater than the weight of the finished part; in addition, the part 
12 are made of nonferrous metals and their alloys , 80 that reduction of the allowances 
sels a very important task. An increase in the allowance leads to an increase in the 
45_cutting forces and this, in the machining of parts which are not very rigid, may 
48_eause a considerable increase in the deformation cf the parts and a reduction in the) 


| 


4 =e of their execution. On the otliee hand, a reduction in the allowance makes | 
S “Tit impossible for us to obtain the neaeN a degree of accuracy and surface smooth- | 


ot beer tne 











| 
56 — Professor -Y.M.Kovan-was the first to lay the-scientifiec groundwork-for -a method; 


2 


eee ee err re ee = ee oe, 
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~ ee —w ee od ee al 
—_- - oe One ie ene i oe oe oe ge 
— * ange seep hipaa 


: aa for determining the amount of allowance. | Further work in this direction was done 
2 1 | | 


_\1I,B.Plotkin_(Bibl.1 and _2).—____—__——- 
in 
ct 
: ; aircraft instrument design it needs waa onal experimental checking and corre ing,| 


a although the general method of calculating is preserved. | 


10 


12_!12, Method for Determining the Amount of ce 


A blank obtained by casting or forging will still contain surface roughnesses 

in the form of casting skin or slag; in at eee blanks, @ decarbonized surface layer 

_|\ remains. It is evident that, in this case, the cutting tool mst take off a layer 
of chip which mst be of a greater a than the casting skin or slag, and whi 

mst be deeper than the irregularities; otherwise the resistance will be very low, 
= even at moderate cutting speeds. In the process of machining, irregularities in th 


: tion 
oT form of tiny ridges remain on the surface’ of tne part being machined; in addi ; 
from 
" the surface layer of the metal of the an being machined differs in structure 
30 
_|the structure of the remaining section. 
32 


a) Defective surface layer; b) Normal structure of the material 
| 
| 


j : face layer (the layer 
To eliminate surface irregularities ai the defective sur lay | 
of different structure), in every subsequent stage (operation) the minimm interm- 


diate machining allowance mst not be less than an amount which is the sum of the 


— ceteris tt Re SS oS OS 
pT ED COE — —— te wee eee 
Sa —~- 
~—aaee 6 S eee e 


— greatest height of the irregularities (ridges) and t the greatest ¢ depth of the defec ect 
cA | 


wane —y re re YL a AY 
— oe — -_ | 


STAT | 

















Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


—— 


—-= 


tiene 
Pe i i epee ge teen ee oe faite mtioiS ay Ribee aa oe ny om ae et pe 


er ner rr er renee ne CC PC TOE DAD EOS LNG Ea 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 








Po ee ee 





represented in Fig.69, where 








a na ec 
“Jive surface layor. The surface layer is schematically 


_|H, is the_greatest height of the. surface guiarities-(ridges),-and Tis the—— 
_\ greatest depth of the defective surface layer. 
aes es 


: The minimum intermediate machining allowance, when the allowance 4s arranged 
8 
_'unilaterally, is 
; —_ (561) 
| ers Sel 
124" ; Emin Hy +T. ee a 
14 


ae In the case of a symmetrical arrangement of allowances, for example in machin- 


— _ting external cylindrical surfaces and apertures, the minimm intermediate allowance 


18 a 
“ls equal to 
20 | aaa 
22 | Rig = nin > 2A + Ta) : (5.2) 
ee pe 
| In determining the amount of machining allowance, we mst set a tolerance & for 
| 
° _texecution in accordance with the intermediate dimensions. The tolerance & is the 
28 


| 
total error composed of dimensional scattering, error in setups, and possible errors 
502] 


| 
—'of a systematic character, proper to a given method of machining. 


. Errors in form (ellipticity, conicity, nonparallelism, etc.) lie within the 
34 

_ltimits of the dimensional tolerance, mst be taken into account in establish— 
365 


—ing the machining allowance. However, ary disturbance in the accuracy of the mitual 
3 


—arrangement of the elements of a part, eccentricity , nonperperdicularity, etce, 


4Q 
ed with the dimensional 
oo 11 as an error in the besing Ay =- none of these are connect 
_tolerance, and therefore mst be considered separately in cases where such errors 
Ad 


: 
occur. 
Wr 


The maximum intermediate machining allowance, when the allowance is arranged 














eS 


| 

TT esi will be equal to ' : 

50 | 

5 ‘ 7 Z mar = opt Zmint 5 : (5.3) | 
Bile ees ne 4 

54 ane Shh ee wie | 


here Sp is the tolerance in the preceding operation (stage); 
s6_| PO 


—- 


— — =e —— ae ee 
- fo a anton 
—- oe eee 
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External cylindrical, | Lapping 


t 
| 
conical, and profile | Fine turning 
turning surfaces Grinding | 
Smooth turning | 
Rough turning | 
Cold-drawn steel 
Rolling 
Drop-forging 


Cylindrical apertures} Lapping 
Fine boring 
Breaking with a 
Broaching 
Grinding 
Smooth boring 
Smooth reaming 
Rough reaming 
Rough boring 
Turning out 
Jig drilling - 
Drilling without a jig 
Drop~forging 














~ — —-— see = 
7 Sy we eee eee 

ame 
—e 
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0 


1 & is the tolerance in the given oper _ (stage). 

2 

_____ When the arrangement. is bilateral, — 
1 


os | 
The values H,, T,,, and & depend aisles method of machining and are determined 
experimentally. 
Table 9 gives the values of HL, T,, and 5 for the methods of machining most 


_ltoften used in instrument making*. 
16 ; 


18 = Calculation of Intermediate Dimensions 


In the working drawing of a part being machined, only the final dimensions are 
indicated. The technologist indicates the intermediate dimensions (or, as they are |. 
as 


i 
sometimes called, the inter—operational dimensions) in the operation drawing. These 
we ib ent 
<r must take into account the intérmediate allowances for subsequ 
| 


ial 
Calculation of the intermediate dimensions mst be made from the last operation 


based on the dimensions and tolerances ppc in the working drawinge | 


The int ermediate dimensions in machining are determined from the following ¢ ex— 


: pressions: | 


40 


- 
~ 
—_— - - ‘a a 


Ar =A A max t Z mint a 


—-—_——— eee ee ——_——— 


i 


r external cylindrical surfaces (Fig.70) 


———— 
f ——— _— —-——————— - ee oS a \ 


A. a Amin min Bi 


4 cylindrical apertures (Fig-71) 


for "sl ital (Fig.72) | | 


eae For-a more detailed treatment see Biblci: 

















Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


--— - we eee 


= = Anns 7 Zayin t Bay 1 ciponerensscsicas Maiianit 


4 oe Sp 
a ere_AP is the dimension maintained _in the. preceding machinings——————________— 
g A is the dimension maintained in the given operation; 

zt is the allowance for the given operation, based on H, and T,, for the pre= 
ceding operation (according to i. 9); 


op. is the tolerance for the prec operatione 


Let us cite some examples for the use of the above formas in calculating the 


Example. To determine the allowance and intermediate dimensions in the mac 


} 
| 
ing of a shaft (Fig.73) from a cold-drawn steel bar. 


intermediate dimensions. = 
The order of machining for a ee of a. ae 4s as follows: 


“|____?) Grinding on @ centerless Grinding on a centerless | grinding machines a 


i 
3) Grinding on a base = nae gee RRL SORES cones, which may have an eccentricity of 0.01 mm rela-| 


ener epee get eS Se i 


1) Smooth turning on a lathe with a slau in the chuck; | 


why 
Umax | 
; 
20 
| 
292 | 
24 
| 
| 
; | 
; 3 | Q 
: { 
: OO ects ai , ee es | 
Fig.70 — Diagram of the Distribution | Fig.71 = Diagram of the Distribution 
of Dimensions and Tolerances in an of Dimensions and Tolerances in an 
| 
: External Cylindrical Surface Internal Cylindrical Surface | 
a 





: STAT 
oe | 


ee 2b age ee ml, 
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i ee Re a Le ee ee ef ef 






0 So 
tive to the diameter under machining, on a circular grinding machine. 
9 | , 
e_begin calculation of- the sicdianiailel is dtiaiiaticees sales Seated ecailan 
4 
= e., grinding on a circular grinding mac e (the preceding operation is center 
6 


lless grinding). 
8 
The minimum allowance for diameter ma~ 


10 net tee : : | 
§ chining in the final operation is 


















| 
12 
Py ALA a 
SSS At he See tia 
14 ~ | | 2 2 (Hatta) ° . 
~ Mee, ae, aa abet are Sete eee ce gs, cog! wel aot ale 
| Taking the mean values of H, and T,, 
18 
as Deadtied to Table 9, where 
20 t a: ree — -~ i 
ae hse ais, een ed z 
22 Fig.72 — Diagram of the Distribution | Hy =Bmicr.and Tye =20 microns 
24 of Dimensions and Tolerances in a 
we will have 
6 Plane Surface | 
28 be Fu D C4256 ieee 
30 


The eccentricity of the cones in oo to the diameter under machining will 


cause an error in the basing ofA, 
34. 
st be increased by 10 eros 
ra , | 


= 10 microns, and for this reason the allowance 


—_— or - _ mm ee eee 
a  mened -- 


. | 





3 ! zon Zin t by=56-+10=66 microns. seas 
40 

The dimensions of the shaft, after centerless grinding, will be equal to 
42 | 
44 | AP ax =A mart min tee | 
46 — SO _ SO 

According to Table 9, the mean value of 65 for grinding is 25 microns. Finally 
48 

will have 
90 — ee ee 
: Atay = =9, 03440, 1,066 +0,0 025=9,125. i 
- Sn a tes | 

94 Let—us-determine the intermediate dimensions of the shaft; obtained ci a] 


°9_gmooth-turning-on-the-lathe.———__-—_- ——--— 


os 


— ee a a EE eR ee ier a iE el aD ob 











ee ee woe 


t 
‘ 


—33- 








Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 










“ a 
wk ee ee tet cere eaeitaaege ving, alae ae lonepirthe alin et amarante = wane Ae S- ‘Seal —— 
a a 





Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


ee le te elie, ee Pee dietitian ae we ee sia animes 02g abn Sates Oe 


| 


The minimum allowance for diameter machining in grinding is 


q zm? (HutTn’- 


ra Ee 
Taking, in accordance with Table 9, i. mean values 


8 


—e eee — oil — 
= —— — ‘ 


~ 


Hu = 25 mcr. and Tyg 35 MICTORS, 


10 eee emery 


-_ 


12 
—_we will have, Fmin=2 (25+.35)=120 microm mm, = | 


ee 
— es 


e 


The dimensions of the shaft, after smooth turn- 
i 


ing, Tr equal to 


a —_ —— ee oe ee ne ee ee ee a TS Sr ee HS RS — 
= 


—_—_— —=sr— — a _ —— — — eee 
—_- - -_ 


fe 
eadinel to Table 9, the mean value of 6 p for 


smooth turning is 125 microns. 
In the end, we will have 


— = om aan ee oe ET 
a 
————— _—=— — - _ - 


Ala =9, 12540, 120+0, 125=9,37. 


‘ 
—ae ee ee ee anne 
—_— ———  =#-—= 


0 ee a , 


Now let us determine the dimensions of the blank, i. ¢., the diameter of the 


| 


| 
| 


The minimum allowance for diameter machining in smooth turning on & lathe is 


T— 
4 


ae 2 (Hm+Tmb | 


—_——— ————: ~- _ ———_— = 
- - ~ | 


Zin 


— i ——a ee ee 


44 Taking, in accordance with Table 9, the mean values for a biank of cold-drawn 


4 eel as ” 
cor gases aes apace pres 
7 eam 


will have 


} 


—_— —— 
—_—-—s ———— 
——_— 


<2 Cr = 300 microns. ee 
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_ = 


‘= os & 4s = o- +. =o 
ar aS ne ee we i a ie i ee Bg ee s2e eave an x 


~- ine a - ‘tame — we ee’ 
- eevee og ete ee mph eee rent ote) > emote ee ee a ae Ae ee mit te ny ~~ 
= 2 Se bbe aS = 

- 


The bar is fastened in the chuck, which may have a pulsation of 0.02 mm; this | 
will cause_a basing_error of 4," =_0.Q1. am, and for this _reason.the_minimm-_allowance. 
4 
‘Theat be increased by 10 microns 


ee ee te | 


si ly=200 + 10 =310 microns. { 


a 
— — = — —— ee ee -: 


~~ — ee wee wee 


The dimensions of the shaft, after centerless grinding, will be equal to 


— 


The tolerance for OST 7128 cold-drawn steel bars is 65, = 100 microns. In the 


_jend, ws will have 


meee ee eee 


Abas =9, eee 310+0, 100==9, 78, 


—_— _-— = ee ee ee ee et 


In sorting, we take the next highest measurement 9.8_o + 
Example. To determine the eRovances and intermediate dimensions in the ma 
ins of an aperture with a diameter of g+0.025 mm. The order of machining the aper— — 
ates is as follows: 
' 1) Drilling; | 
2) Smooth boring; | 
3) Reaming. | 
Let us determine the intermediate dimensions which the aperture should have aft- 


The minimm allowance for reaming is 


~=2 (Hm+ Tm). 


| 


- Taking, in accordance with Table 9, the mean values of H, and ao 


L 


Has! 14 sisal Te 2= 35 9 microns, | 


— or -—- - —* 


Z nin 


eee ee Oe 


| 
— 
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ge win =2 (14-435) —=98 rier microns: tC: Le 


— 
— — _- —— —_ ee eee 


e dimensions _of the aperture, atte snooth boring, will be equal ta 


es 
Anin =A min re Ea, | 


- —-—- eee —_ 
— = 7 


In accordance with Table 9, we take be value 6 oe 100 microns for smooth bor- 
14_|ing. In the end, we will have | 


16 —-—-- - pean ean 


AR ieee ies 0,098 — 0,100= =5,802 5,8. | 


cates tates ace ee) 
eet S—e: Sake as, eee ier is 
18 : 


20 Let us determine the intermediate dimensions which the aperture should have 
29_Jjer drilling. 

24 The minimmm allowance for boring is. 

26 Bead pees ee 


mi ame (H,, +Tm). 
28 : a 7 5 eee 


-—— — o-—S —eee o ee 


"30 Taking the mean values of H,, ani T,, according to Table 9 
32 


Sake ne re ee = 


m2 135 micr.ard Tm= =55 micrene ’ | 


t 
eae =u = ote ies Se ee ei I 


34. 


_we will have 
36 


~ 


| 


cues, - Aes ieee et 


Oe ag ee, COC 
A hin Amin Fain p- eg 


ee Eee 


According to Table 9, we take a value of bp = 120 microns for drilling. 


min? (135455)= = 380 microns. | 
The dimensions of the aperture after drilling will be sain to 


—_—_—— ee eee ee ee 


 by=120 microns « 


i 
’ 
~~ - - 7 


In the end, we will have 


7 
8 aan. I 


—— — _— —_— ——————— — em ee eee eee 
- - - —- eS 


min 7? 80 — 0, 38 — 0,120=5,30 
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adn comes 
Oe ie Oe nee ee ceme  ememene ae weet A we ett oe were hy Ow ae Oe ih 


os : Se ~ = ato aap titanate ane nn teeter Miia ty Sa te Str 
a —mm of ee eee ene Maecarttt nite powers Romaine tl ott al eto SE OEE Ae ATL OE 
, EE CE BOE ap SER? j RIO, AAG elongata eer 


6_ 1. Kovan, VeMe_— Technology of Machine Construction, Mashgiz (191),) 


wk. Plotkin, I.B. ~ Operational Allowances and Tolerances for Machining. Mashgis 


10 (1947) 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34. 
36 

‘ 3é 


40 
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| 


1) straight-toothed cylindrical gear wheels or spur gears (Fig.180a); 


| 
| 


2) screw-toothed cylindrical wheels or helical gears (Fig.180b); 


3) straight-toothed cone wheels or bevel gears (Fig.180c)s 


eran ae et eS oe 


| 
l,) worm wheels or worm gears (Fig.1803)- 


etoile for Parts of Tooth Gearings 


- wr er 


40 | 

4 The basic requirements applying to tooth gearings in instrument construction 

42 P 
—are as follows: 

44 


a) Smoothness in transmission; 
46 


b) Accuracy of center-to-center distance} 
c) Low angular error; 


d) Resistance to corrosion. 


43 
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—Particularities of Tooth Gearines in Inst 
9 


| 

ie ener ee nearer eee eee ee eee eee eee ee 
‘x Among the peculiarities of tooth gearings are: 

6 The use of a transmission with ratios (10:1, 20. | 


8_iTo realize such high gear ratios in istrdumnt construction special parts are used. 


ee 
| 
| 
| 


! 
— oe - . a 


10 


_— - - —— oo 


| 
- 


ee oy 


12 


NON 


Fig.180 — Types of Gears 


a ~ Spur gears; b — Helical gears; c — Bevel gears; d — Worm gears 


34__One wheel (of a pair of wheels) with 10 to 12 teeth is executed integral with its 

36 lexis and is known as the driving gear; ee other wheel of the pair has 200 ~ 300 
3&— teeth and is called a sector; teeth are cut only into a definite part of its periph 
4£0_ery, Placing such transmissions in an ie teanent of comparatively small bulk is 
a possible by the use of small modules (up to 0.5 mm). 


A 4 Involute gearing with 20° angle. At one time, cycloidal gearing was used sim. 


+5 taneously with involute gearing in aircraft instrument construction. Cycloidal mi 


te_ling permits a reduction in the number of teeth of the driving gear (the wheel) to 


c 


5S0—-gix when the period of gearing is mre than unity. When the profile is cycloidal, 


I 
{ 


5°—the wear of the teeth is not as great as when it is involute. One shortcoming of 
54 'eycloidal-gearing is-the fact that it is impossible to cut the teeth bythe ro 


58 _nethod.—-In- addition;-cycloidal gear wheels require a higher degree of accuracy 
! : 


| STAT 
—39- 
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1 _[eenterton conten distance (otherwise _ will be irregularity in rotation). 
2 
| A 


t_present,. cycloidal gearing is practically_out_of_nse_in_aircraft_instrument_' 
4 
construction. | 


| 
' 
¢ 


6 


ee i ep ee 
Involute gearing does not have the Ronee cour of cycloidal gearing. The great 
8 


advantage of involute gearing lies in the ‘fact that it is possible to cut the teeth 
10 | 
“ie the rolling method. In addition, meee with involute gearing permit, in assem 
12 


Ft ling, a variation in the center-to-center distances of the wheels » without disturb- 
14 
_!ing the regularity of their rotation. 


18_|Methods of Mac Gear Wheels 


20 
The various methods of manufacturing 'gear wheels for aircraft instruments may 
22 


be divided into two groups: | 
24 


l. Making the gear wheels by chip-removing processes; 
" 26 


2. Making the gear wheels without ‘chip removal (stamping, rolling, pressure 
28 


casting, and drawing). Machining de gear wheels with chip removal is the 


wr 


30 


most widely used method. 
32 


Stamping is used for making fine gear wheels, at m> 0.5 mm. In aircraft in- 
34 


| 
strument construction, such a method finds very limited application. Rolling is used 


| ! 
—'for gear wheels with a module of 0.3 - 1m. This method is still used in the ao- | 
38 


ceptance stage. Pressure casting and usb are also seldom used. 


! 
In instrument construction, gear wheels are usually made of steel, brass, 


—bronze, etc. Decisive factors in the choice of material are cost of machining, re—- 


yer to wear, and high corrosion eee 
30 


— mst be used, as far as possible, for a sincia pair of gear wheels, such as steel 
52 

wp brass, bronze of different types, and the like. 
54 


oer oe 


= For low-speed gear transmissions, we generally use 1559 brass. 
56 hai loess o fe aS oe 
~} 


<a SO et 


This is pre~ 
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“Trerred over steel since brass is easily chined and subject to little corrosion. 
SA_steel and U1OA steel_are_mo tks itn ii sti. ena Re. 
~ltheir small dimensions, these parts wear qut sooner, and for this reason they must 
“Ope subjected to heat treatment. Bronze o ALO and AMts9~2 types is used in making 
8 


worm gears where high requirements as to resistance to wear are made. Textolite is 
10 


also used as material for gear wheels. 


ee we we ee ee ee 


30 Fig.18l ~ Dri | Gear or Pinion 


34 b) Taper 1:50; c) Material U7AV steel red-hot R, 50 - 55 


36 


12. Technology of Executin ical Parts of Tooth Ge 8 
7 


40_JA. Driving Gears | 


42 


32 a) Ellipticity of diameter 0.870°Ors ‘not more than 0.12; 


The technological. process of machining driving gears consists of a series of 
44 
operations: 1) preparatory operations; 2) teeth-cutting operations; 3) heat- 
46 


i = 
aa operations (these may be omitted); and 1.) finishing operations. 
48 


Let us examine the standard technological process of machining a driving gear 
20 | 


—(Fig.181). The preliminary operations consist in preparing the bars (straightening 


J 


and cutting) and turning. The turning is ‘usually done on automatic longitudinal 
Ge eS Se : 


es ee 7 
re Re 9 Ge) ee Cee —— 


lathes or on turret lathes. In choosing & turret lathe or an automatic turret | 
56 : a ee goatee a Sa 


ES oe et Ey 
t 
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chucking machine, and in fixing the sequence of stages, the specifications given in 
the Chapter _"Axles_and Shafts", mst be followed, since the blank for a driving gear 


Tooth-cutting is done by the duplicating method (since driving gears usually 
| have less than 17 teeth). 


‘The disk gear cutter (Fig.182) is used as 


AS 


etc tool in gear—cutting. From the 


ES 


siete of meshing of gear wheels we know that, 


| 


for every number of teeth, there is a special 


WS 


profile. Thus, in order to obtain the exact 
Fig.182 - Disk Gear Cutter | 


profile in cutting by the duplicating method, 
22 
hese number of teeth mst have its own cutter. Special cutters are made only in 


ae ae Or 
eae ee oe “ner 


24_| — = 
_'cases of large-scale or mass production. Usually we use gangs of 3, 8, 15, or 2 


26 
cutters, each of which is designed to cut ta gear wheel with a definite number of 


| 
| 


! 
’ 


i 
oe 
Fig.183 - Schematic Sketch of Milling Figel8i, - Setting of Cutters on 


of a Pinion Tooth in Three Passes Arbor in Milling in Three Passes 


44. ‘teeth (Table 28). 


: 
| 
j 


£m ere Ogre rr renee geerewnen arenes ee ee 


2 In connection with the necessity of obtaining a high degree of accuracy and 


ee 7 
owe te ee 


| 
48__smoothness in the profile of a tooth, the machining mist be done in several passes 


“aretions 
mele 
e 


50_!(in our case, three). Depending upon the ‘type of machine, this may be done in ei- | 
| ! 

o2—ther of the following ways: | 

34. )-Each-pass -is-carried out-by a separate cutter eee oer ere 


26 hree-cutters-are—set- on-the arbor (Fig.18h). The first is the usual-splined-cutters 


—$ aaa 


STAT 
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0 ee es 
the sécond is near the final profile in nsions and form (allowance of 
a . | 


2mm): the third has the. final_pr file.__In the beginning the first cutter— 
4 


<— Snto action. After it has cut all the teeth through, the cutter carriage is 
isplaced, and the second cutter is set into working position (a worn cutter may be 


8 


sone 


used for the second one). 
10 


After the carriage is shifted again, the third cutter is in operating position. 


2) All the passes are done by a sing- 


| ‘le cutter. In this method, one cutter is 
| set on the arbor of the spindle; in the 

| 

! 


e185 — Schematic Sketch of a 
~ 'depth of the tooth, and only rough cutting) . 


{ 
pee pass it is not lowered to the full 
| 


Pinion Mounted Conically at the 
“ " “ done. After all teeth are cut, the 


to 
re 


fae ete eel ies Pepe 


Driving Center 
ha is lowered farther into the part. 


bo 
On 


One shortcoming of the first method is the inaccuracy in the setting of the 


to 
co 
[ode 


_Iters relative to the axis of the part ec machined; at the negligible allowances 


eo 
Se 


—left for the smoothing Perens? this may lead to the formation of bare spots. 
: 


| 
ou ioe 
\ 


| 
Fig.186 ~ Schematic Drawing of Mounting Fig.187 - Construction of the 


by the Driving Center, Set in the End | Driving Center 
46 
of the Pinion | a) View from i. 
48 ‘ 
a) Journal; b) End 
50 *~ 
52 k shortcoming of the secomi method is the increased wear of the cutter. 


ee 


a CS 
——— —— 


— | 
! 
{ 
4 
t 


——e_—_ — 


-In-recent -times; industrial plants have been using special devices to set the—; 


j 


ii « cieeahcdencessincatlt respect to the center of the part being machined;~as-a result, 
STAT 
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Table 26 
Sets of Cutters and Number of Teeth Being Cut 
i at dhe te ET 


| 


+12 


I 12—13 


14—15 


42—54 


55—79 


71), 80—134 


8 135 and more 8 135 and more 


§ _— 


: utters; d) Set of < 
utters: b) Set of 8 cutters; c) Set _of 15 cutters; ¢/ 
Ga aa od Number of teeth on wheel being cut; g) No.of cutter. 











a 
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0. 

| first method must be considered superior, since it permits the cutter to operate 
2 

_l for _a_longer period without being reshar 


ed. aeen 

Setting and attaching the pinions belne machined, is accomplished with the help 

of two stocks. if the journal of the pinion is sufficiently rigid, the fastening is 
dons by the driving center, notched (Fig.185) and set in the headstock. If one of 

the journals is insufficiently rigid, the/driving center is set in the end (Fig.186), 
The construction of the driving center used on gear-cutting machines (of type 

_|OZPO) is shown in Fig.187. The driving center has a conical aperture with notching. 

The angle of the cone of the notched aperture is 30 - 50°, The number of teeth (of 


_|the notching) is usually 16. 
20 


_—_—e- ee — 
—_— * ~~ ew eee —— - —— ——e— = —= 
- -_— + 

e 


22 


ee oe | 
24 “LLL 8 | 
a 


—— 
_- 


Fig.18s — Structure of ‘the Center Inserted in 


| 


the ee Head 
The structure of the center for the pone is shown in Fig.188. After the 
teeth have been cut, steel pinions (in the majority of cases) are subjected to heat 
a The heat treatment consists in hardening amd subsequent tempering. Hea 
| 
40_ling for the hardening is done in a — tube furnace, in a neutral medium. The 


2__|neutral medium is prepared by dissociation of ammonia with partial liquefaction of | 
44 hydrogens | | 
46 The usual composition for the neutral medium iss 
48 hes aS eee ae 


— H.—75*/oand Na—25*/o, | 
50 


eg Sarre nae 
Bes et 


52— 


Heating in a gaseous medium (neutral) for pinions of U8A and U1OA steel is 


54-—‘done-at-temperatures up to 780 - B00°C, with subsequent quenching in -oiis—Aft 
56.3 





—the-varts-are-subjected to tempering by heating to- 200 —-250°C; with 
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an sequent quenching in oil (at 30 - 40 C). |Pinions hardened in this manner have a 


2 


a. me and _are_outwardly_indistinguishable from_a_surface_obtained by chip» 
4 


= eres after machining. | 
hc a 


—; 


- -—____|—____.—_._——....,....4 tantahing 
To eliminate roughnesses resulting from tooth-cutting, additional finishing 
(polishing) is required, which is done on special tooth-polishing machines or on 
clock lathes rigged with special attac tse 


Seedy 
ON LILA LLKLLA 
y LLL Lh bamd 
[as 


| 
, 
| 
. 


Fige189 — Diagram of Polishing ‘Figel70 — Design of. the Prop for 


of Pinion Teeth the Pinion 


32 The tool for polishing the teeth is a polisher made of wood (boxwood, palm, 
34. 'basswood) or of soft lead alloys, having a screw thread of the given module on @ 

‘: 
36_leylindrical surface. The disk revolves " a speed of 15 m/sec, entraining the pin- 


3 me In addition to rotation, the pinion performs a reciprocating motion at a speed 


| 
40_lof 180 = 200 strokes per minute (Fig.189). GOI paste is used as abrasive in polish- 


5 
42_|sng, In the process of polishing, the pinion is placed on a prop (Fig190) which is; 


la disk with several grooves cut into its cant cieny, for support. As the grooves 


46_liear out the disk is turned around. To polish the journals of the pinions, a sl 


48— of hard alloy js used (see Chapter X, "Axles and Shafts"). 


| 


50 After cutting the tooth, the profile and pitch of the tooth are checked on a 

| ' 2 ; 
3 projector which enlarges 50 - 100 times. In checking, the pinion is set in the a 
544 ees-and-is-revolved by-hand until ‘the tooth profile coincides with the screens: 


5b ass s-way-wobbling-can also be-checked. A special screen is used for this; on which 
STAT 
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0 Sieceete 
a series of parallel lines is etched at sone of Ll mm. The outer diameter of | 


2S the_pinion coincides with_one of_the_lines_on the screen. —Wobbling_can_be_det 
4 
2 by turning the pinion. 


me 


5 Sl cle tae ae ai pS nn 
The outer diameter of the pinion is checked by special calipers (Figel91). The 
8 


no-go side of the gage d_, is distinguished from the go side do by a special cut~ 
10 


out. After the journals have been polished, they are checked for out-of-round with 
12 


the help of an indicator with special jaws 
‘Figel92). 
GH? YEKY IR | Qut-of-round is determined in the fol~ 


14 


Tee Ae ii 


_— memer: By pushing the button (1), 
te moving bit (2) is pushed aside. The 
pinion journal is inserted in the gap 


| 
formed between the mving bit (2) and the 


pont 
- oO 
ssh ae TL. 


dtationary pit (3). Then the button (1) is 
Fig.191 — Ring Gage for Checking | 


released, and the reading of the indicator 


: 


32] 


Diameter of a Pinion , 
“ee — is noted. By rotating the pinion, any de- 


flection of the pointer, indicating our-Orree of the journal, will be noted. 


ty 
> 


9 
ON 


wecters 


©9 


Let us examine the standard eee process for the production of a sec- 
40 


tor gear of the type shown in Fig.193. see technological process is characteristic 


22 


—not only of the production of sectors or racks but also of gear wheels made of sheet 
4&4 | 


ie a Notching the blank is done on eccentric presses with subsequent straight-| 


| 
| ning. This is followed by trimming, countersinking the aperture, and turning the : 
| 
— sector on the outer diameter (turning is not always. done). Cutting the teeth is 
50 


—ugsually done by the rolling method on "Komsomolets™ machines or by the indexing 
SZ 


[ 
method on OZFO type machines. | 
cr 


| 


54— 


Cutting the teeth by the rolling method has the following advantages: 


ee ee Sy Sa 
\ 


' 
s 
i 


ae a 


———— a 
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1) Greater accuracy This is oT by the fact that in the case of invo- 
th-an— 
ute gearing the. cutter_has a rectilinear profile (th e_form_of_a_trapeziun-wi 


‘ uce and easy to 
angle of ¢ = 20°, Figel9,)- A form such as this is easy to prod 


Figel92 7 Control Device for Fig.193 — Sector 
Checking Out~of—Round the a) Along entire circumference; b) Coun- 
Pinion Journal tersink to¢2 #0025. c) Involute gearing 


Q = 20° d) Eccentricity $2.5 Ag; e) F 


| ative to the center, not more than 0.01 


) index- 
32Icheck. In addition, when teeth are cut by the rolling method, errors in the 


| 
the angle. On the 
40_ling mechanism of the machine have no erenge on the accuracy of gl 


estab- 
19 basis of research done by S.V.Tarasov (of ‘the MVTU imeni Bauman), it has been 


4é& oe that in cutting a tooth by the duplicating method, the thickness of the tooth 
hod 
‘las be maintained with a tolerance of 0.02 mn, and in wattine by the rolling method, 


49_‘ath a tolerance of 0.01 mm. 


50 2) Considerable increase in protuctsrity. The machine time in working with the| 


52—duplicating method is determined by the pails 
54 Fee 


—_————— 
- —— 
— eee 


(11.1) 


re 


| 
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ec 
where T,, is the time for machining one pass, in ming 
2 
_l SL is the_length- 


of_the cutter _pass | equal to_the ength_of_a_tooth-plus_the— 
* cut and the run (rated length), in mm; 


¢ is the number of teeth of the sector (or wheel); 


< is the time needed for one turn . the sector (or wheel), in min; 
k is the number of wheels acd simltaneously set on the chucks (with 
‘the ends of the wheels touching) 


The depth of cut is computed by the 


a. is the feed per power stroke, in. mm/min; 
ox 18 the speed of backward motion of the table, in mm/min; 
J formula 


YY IND 


Gillis My TY 


NTALILTOL I TL 


pi ae 
24 


d is the diameter of the cutter, 
30 1 
in mm | 
32 


t is the cutting depth, in mu; | 
34 


- 


26 
36 


| 
ation of the tooth, in degrees. 
4s the angle of inclin | . 


In a case where a straight tooth is being cut, > = 0. 
3 


—CoseViid—b, —-,-—« (222) 
7 Seam | (Luu emouevee—h, 
| STII 
26 ds ee where y is the cut, inm 3 
28 Figel9h - Worm Cutter 


method is determined by the 
Machining time when working with the rolling 
forma 


40 
(11.3) 


L is the length of the cutter pass | equal to the length of a tooth plus the 


cut and the run (rated length), in mms 


z is the number of teeth on the entire circumference; 


—— 


—~e 
- 


s is the feed for one turn of the cutter, in mms 
Bb de ate 


° 
rc en ET TS 


= 








oe 


eee et ee i ee 
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a n is the number of turns ‘of the cu ter, per minutes 
2 es 
___ 4 isthe wk sruneabdt ccacdacieuimureere 


The extent of the cut is computed nies formula 





— oe ee 
— 


; ; pees eS 
‘ | y=cosBVEG— —) +1 Ste B(mVZ+8), 1 (11.4) 
10 
where t is the depth of milling, in m; 
= d is the diameter of the cutter, in/mm; 
14 


8 is the angle of the cutter setting, in degrees; 
mis the module of the wheel being ns » in mm; 
gz is the number of teeth of the wheel being cute 
In work done by the rolling method, te productivity is reached, i. @e, 
less time is spent on the return stroke and on turtr 


ing the part in the process of cutting the teeth. 
| 3) Léss tools required. To cut a wheel of a 


. "4 | definite edule , only one worm cutter is required, 
1 | its of the number of teeth of the wheel. 
{ | 
= some cases of instrument construction, for example: 


Despite the obvious advantages of the rolling 





method, ee duplicating method mst be employed in 


Fige 195 — Design of @ a) 1 cutting ratchet wheels; 


Seton Whose Teoh yee b) In cutting sectors (rolling method may be 

















ae Sefer eee ae nies because of excessive idle motion); 
“oe c) In cutting teeth in special perts, where 
a>R (Fige195)3 | 
d) In cutting wheels with a small number of teeth. 
: "O Inspection of the sector after tooth ‘extting consists in checking the profile | 
52 
oe a ion er ostc en eee and measuring the outside radius of the segment by means of special 
Tae (el) | 
— pages (Fig.196). | ee 
STAT 
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; ; 
| lindrical Gear Wheels 
2 


aE I AD 


wt et eek het ite ene 
ST 
° 


J Let us examine the technological process for the production of the wheel de- 


6 _| picted_in Fig.197. Machining the blank. 


o——— 


+ a 


— 


ole 


ace - Gage for Measuring 


the Outer Radius of a Sector 


the, preparatory_to cutting of the 
teeth, is usually done on turret lathes or 
automatic lathes. The tooth cutting is done 
on|machines operating on the rolling method. 
Initooth cutting, the blank of the wheel is 
set in the arbor and clamped by a nut or by 
the running center. To secure the necessary 
accuracy in the tooth cutting, the technolog- 


ical process mst be so laid out that tne pr 
| 


paratory operations, which precede the cutting, assure a sufficient degree of accu- 


296 | racy in the basing surfaces (in our case, the apertures and ends). 


og_'aperture mist be machined to 2nd c 


30 
J 
“ 
36 


3 


40 


42 


44 


As a rule the 


lass accuracy. Arbors for gear-cutting machines 


ao — oe eS TS 
ee = eo — 
—_ ae 


| throug hOB 


Fig.198 - Installation of ¢ (Adjustable) 


| 


| Arbor 


46_!are prepared on the go side of the operating gage, to assure seating of the blank 


te a minimum of diparance: 


| 
| 


q In view of the high requirements for accuracy in the gear, a set of arbors is 


t 


used. For example, if the gear wheel has a 6A aperture, three arbors are made, | 


~'their-working-parts having the- following: aieusionesso= 


vl 
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(ST 
’ 

— _— —- Sern oy 

— —_ ee 


|For this, + “| ants se yams into. which- teeth _will_be_ cut_mst_be arranged into groups _be=— 


forehand. 
10 The accuracy of the gear Subtine is = increased by the use of built-in ar 
12_!bors (Fig.198)- The base of the acber | 4s inmovably fastened to the table of the 
14_lmachinee With the help of four bolts, th transition collar (2) is screwed to the 


16_|base. The bolts pass through the apertures in the transition collar with a clear- 


18_|ance, which permits the collar (2) to be displaced relative to the base (1). The 


20_| collar position is checked with the help of the usual indicator gage. 


22 ° s Ree ae) 
24 ‘ fo | 
| y 


Fig.199 — Diagram of Running-in |  Fag.200 — Diagram of Generating 
3 


of Teeth of Teeth on the Blank with Three 
40 


Standard Wheels 


a) Blank 


. ONY YD 
28 on . 

30 ey = 

32 7 | 
a 3 
36 i 7 oe - « 


4 In cases where the above measures do not lead to the desired results, an addi- 


| 
| rt after the 
48_tional operation is required, involving the machining of the aperture 
% | 


90— teeth have been cut. For this, we mst provide a tolerance for machining the aper~ | 


| 
52—ture, and mst machine it in a special device. 


41 The- technology- for machining of wheels-with screw teeth differs-littie from— 


56_\+nat—for-machining-of- wheels with straight teeth.—-In cases -where the-teeth -are— 
| STAT 
ae 


Nc ae a a 
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with a disk gear cutter by the indexing method, the cutter is selected for a fictiti 


us_nunber of teeth_in_accordance with_thé formLa—£§£§——@————_—————————— 


8 
where z is the number of teeth of the wheel being cut; 
10 
Zs is the fictitious number of teeth 
12 
a is the angle of inclination of the teeth. 


14 
If the teeth are being cut by the rors method with a worm cutter, the angle 
16 


ae — —— = _——_—-= - -- | 
- - 


of inclination of the cutter axis is de=- 
18 


lPined as the algebraic sum of the angle of 
20 


soit of the cutter helix and the 
22 


angle of inclination of a tooth relative 


are added up; when it is different, the 
Teeth in the Blank with One 


angle of inclination of the cutter helix 
s ard Wheel 
ag ig deducted from the angle of inclination 
Blank; b) Standard | 
% 3») ‘of the wheel tooth. 


In some cases, finishing operations are applied after cutting the teeth, in or! 


der to increase accuracy and smoothness. | 


Let us examine the basic finishing operations used in the execution of cylin- 


“ 7 ‘to the axis of we gear wheel, i. @., when 
7 = direction of the helixes (on the wheel 
7 . = on the cutter) is the same, the angles 

Fig.201 - Diagram of Generating of | | 


- toothed wheels. 


Running-in. This method consists —— two coupled gear wheels in a speci- 
ie 


50 
— provement in the quality of the tooth profile and smoothness is observed. This meth- 
5 


device and making them revolve (Fig.199). With this method, no noticeable im- 


od does not provide for interchangeability of the parts of tooth gearings. 
54 


Generating. The generating method is distinguished from running-in by the fact 
eae | Pee ee ee 





| 
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aed in this case, the generating of the|gear wheel which is being machined is done 
2 


_twith three _tempered_standard wheels, executed with the gre abest_accuracy_(Fig.200),— 


7 


4 
ao or else with a standard wheel and two idler wheels which force the gear wheel a 


aa Ne ee 
= standard (Fig.201). Under the influence of the pressure created between the 


standard and the blank (the gear wheel being machined), in the process of their ro- 
10 


124 


tation, the gear wheel is machined. This ie is suitable only for non-dry gear 
lwheels. The surface of the teeth after 


| 


Fig.202 — Diagram of the Rac i Fig.203 ~ Diagram of the Wheel 


chining is noticeably improved. 


bo 
om 


I) we) nS 
, fe ho So 
tl cde ales 
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Shaver 


to = 
tA 


UP 


shaver 


tn 
fe. 


Shaving. To increase productivity “ to obtain better quality in 
the teeth, shaving is used. 


WwW 
aN 


OS 
2 


The essence of finishing the teeth of non-dry gear wheels by shaving consists 

40_in scraping off a hair—thin chip from the side surface of the tooth with the help of 

49_'a special tool (the shaver) which is designed in the form of a rack (Fig.202) or in 
| 


ie rack with oblique teeth is used (Fig.20,); for machining helical-toothed wheels, 


& 
44__\the form of a toothed wheel (Fig.203). Pe finishing straight-toothed gear wheels, 
| 
48_lthe teeth on the rack are straight. This = necessary to amplify the slipping mo- 
{ 
S0_'t3on of the teeth and to secure uniform wear of the teeth. The rack executes a re- | | 


5°—eiprocating motion which revolves the wheel being machined, and the wheel is drawn 


54_lonte-the-rack-under-some- pressure.-- The wheel, during this process, -is- gradually 





56 _'shifted—along: its-axie-(for uniform wear of the rack).- As a result of the -inten- 
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" TTeified slipping enti ee Sin Speen ean Orne ee 2 
ls crape_thin chips_off_the tooth surface. being machined. The basic drawback of shay: 
a ing is the complex design of the tool (the shaver). . 

e "Komsomolets” fact factory prod peoddces ces machines ‘chines in which the cutting toolisa 


.shaver representing a toothed 


wheel with transverse notches. 


In this case, the axes of the 


von tit 
4 AN | | wheel ‘being machined and of the 


Th | shaver intersect (Fig.205). The 
! process of cutting is analogous 


IL-4» 
YE I 


a 


to that described above. The 
Fig.20), —- Diagram Fige205 — Diagram 
e 4 , shaver revolves, while the wheel 
of Operation of of Operation 'of . 
being machined moves horizentally 
the Rack Shaver the Wheel Shaver 
(axial motion) and vertically to 


7° insure its being drawn toward the shaver. As practice has shown, shaving done by 


ae method can assure good surface finish and can provide the necessary accuracy: 


i. 


8 microns in the profile, 8 microns in oe pitch, 5 microns in the evcentricity. 
es For shaving fine-module wheels, a special machine design is in existence, in 
i the axis of the round shaver and sil axis of the wheel being machined are 
a placed parallel to each other in a nel plane. The ZSh-1 machine (of NII MSP 
4 


at 


4A 
ici intensified wear of the teeth, a the help of a lap (usually made of 
46 
__ fine-grain cast iron) and an abrasive. 
48 | 
| 


| 
and MATI design) belongs to this type (see Bibl.1). 
| 
Lapping. The lapping method Soneeens of machining the gear wheels by means of 


On "Komsomolets™ machines (model 573) lapping is done in the following manner 
50 

—(Fige206). The two laps (1) and (2) have helical teeth which, in touching the 
52 


straight teeth of the wheel being machined (4), created a worm-type transmission 
54 


Se 
= eee Se we & gee ge eA i a OE Pe PE LP — 


_'which is conducive to uniform wear, profile-wise, of the teeth. The wheel revolves | 


ne ee ET oe i ee Sot 
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. lin engagement with three laps; the axes of the first two laps intersect in space 
Ba _of the wheel, while the axis. of the third lap (3)_is parallel to it. — 
The wheel being machined, in addition to rotating, has a reciprocating mtion. The 


laps are entrained toward the wheel under! some pressure. 


Fig.e206 - Diagram of Tooth Lapping Fige207 — Diagram of Tooth 


on a “Komsomolets™-type Machine. Lapping 


In other machines (Fig.207), slow revolution of the lap and of the toothed 
| 
lwheel and rapid reciprocating motion of che lap (up and down) and of the wheel in a 
radial direction are used. 
According to tne data of experiments conducted in the ENIMS, lapping assures 


the following accuracy: 


in wobbling cece ee co oe o-e © O001l ~ 0.03 mm 


| 
in pitch .- Sg ee ales oe @ «oe O0L mm 


in profile se ccc ee eo ee 0 co o 02005 — 0.010 mm 
| 
After lapping, the side surface is highly polished, with a mirror-like sheen; 


‘4 its quality is much superior to that of a ground surface. One drawback of lapping 


Pg the presence of abrasive grains on the leaded of the teeth, which cannot be re- 


48_!moved by washing and which cause prenature wear of the eee | 
50 Grinding. The tooth-grinding method, in spite of many advantages (formation of 
S’Ja theoretically correct profile with great accuracy, high~quality surface finish), 
54_\4s-not-used-in-aircraft - instrument eeaieaetion in view of the- fact -that-a-—grea 
56_\punber-of-parts-of-aircraft instruments are made of nonferrous metals.—-iIn-addition;; 


| 
ne 
| 
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0 | 


= aes of the small modules and the amail bulk of the gear wheels, 
> : 


— relatively unproductive. 
4 


Rolling of gear wheels. Recently, have started using a new method for pro~ 
Be erence ad 
oo cylindrical gear wheels, namely a rolling process (Fig.208). 
8 


this method is 





time, and the arbor is mounted to the 


The blanks of the wheels being machined (1) are placed on the arbor a few at a 
10 
centers of a moving chuck (2). The 


index plate (3) is set on the same 


° 
ome ewe eee nee re 


arbore When the chuck is mved hori- 
gontally, the index plate engages the 
operating shafts (4), which, on fur- 
ther travel of the chuck, come into 
contact with the blank amd perform 


the rolling process. The operating 





shafts are gear wheels with a correc 





| 








—— ed tooth profile and are equipped 
— 
—— with a tapered intake at one end. 
34 == ! 
! The shafts are forced to rotate 
36 ss a ee = 
in one and the same direction and are 
3 Fig.208 — Diagram for Tooth Production 
spaced at a definite distance, corre- 
40 by the Rolling Method | 
° sponding to the dimensions of the 
42 


ot 
—wheel being machined. | 


a 
7 The tooth-rolling method can be used an producing gear wheels with a module of 
46 
| 
—o.3 - 1m, including gear wheels of brass, bronze, hard aluminum, ami steel. In 
48 1 
the latter case, the blanks must be heated to t = 600 = 700°C. 


The tooth-rolling method assures high productivity. 


Se tt ee ae + eS 














| 
| 
| 
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Q 
_| Bevel Gears 


The production of blanks Zo GitLingloF teeth is analogous to the production of 
6 _| blanks for_cy. Tindrical_gear wheels. . _Gearleutting is done on _gear_planers_by the ——— 
rolling method. On a machine of such 
type, gear planing is done by two- 
ters (Fig.209), simltaneously on bot 
sides. The wheel being cut is con 
stantly engaged with an imaginary flat 


one eee oe eee wheel andi, executing 4 rotary motion 


2 ean about the axis of the flat wheel, si~- 
miltaneously rotates about its own axis. aa this way, for each double swing of the 


er®, the tooth is machined on ‘both sides (Fig.210). The time for ma- 


e <7; 
Position ae Patan 5 


Fig.2l0 — Diagram of Machining of Fige2ll ~ Device for Checking 


wo the wheel is equal to the number of teeth of the wheel, mitiplied by the 


ls 
a Bevel Wheel on a Gear Planer Bevel Whee | 
i 


Tee for one double swing of the "swing polster™ of the machine. 


ee SD TS ——- 


ao gr 7 
: On the average, we can assume that the time for machining one tooth of a snall— 
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4 
= the gearing are pitch, profile, and concentricity of the teeth. 


oc 
_ In large-scale production, checking re gear wheel, meshing with standard 
8 


._jwheels, is done on a special device (Fig.211). The arbor (2) whose center is pro- 
ma 


vided with teeth forming a rack, is set sn the body of the device (1). The rack 


meshes with a gear|wheel (/,) which, through the rotation of 
the flywheel (5) raises or lowers the arbor (2) and the stand 
! 


ard gear wheel (3)! The gear wheel (8) which is being 


the wheel (3) with!one hand, we turn the wheel (8). The dif~ 

ference in the readings of the indicator dial (9) shows the 
. 

amount of play in the side. 


| 
checked is mountedjon the shaft (7) in the stand (6). Hold 


There we several: other instruments in existence for 


| P 
checking bevel wheels (Bibl.2). 
30 


32_|Worm Gears (fige212) 


34 
Blanks for tooth cutting are ucually ‘Frepared on turret or turning lathes. 


Gear cutting is done on gear-cutting machines which operate on the rolling 
principle. 


36 
3 


40 


Unlike the hobbing cutters used for cutting cylindrical gears, the profile of 
42 


_'the hobbing cutter used for cutting worm gears mist accurately correspond to the 
44, | 


profile and dimensions of the worm, which ‘mst be coupled with the worm gear with 
46 


—_lallowance for additional play at the top of the thread. For this reason the outside 
48 | 
as of the hobbing cutter is 0.32 module larger than the outside diameter of 
50 : | 
the worm. In this way, the overall height of the cutter tooth will be equal to 
s7-| : 


— 2.16 module. When the tooth has this height, the cutter will also remove a chip 
54 | Baste Ree ee 
\from the tops of the worm wheel teeth. This is done to keep the periphery of the | 
56 gee See eee 


* 


i 
! 


| i 


~~ 
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0 


co whsel strictly concentric with its o iginal circumference. This method is also 
2 
_loften used_for the. parts discussed above. pinions, sectors, gears). —______— 


The machine time in cutting worm gears is computed in accordance with the 


forma 
T= — | 
10 eens ee rE agree a e - 
12 ; 
where T,, is the machine time, in min; 

14 

m is the module of the wheel being cut; 

g is the number of teeth of the — being cut; 

s is the radial transmission, in mn, for one revolution of the wheel; 


a 


n is the rpm of the cutter; 
4 is the number of settings. 


| The cutter path during the machining of 


a ‘worm gear is determined from the following 


leas The normal height of a tooth is equal 
30 


4 : | : to 2.166 m; the amount of notching done by 
32 


_ | the cutter, which in this case depends on | 
- | the different curvature in the radii of the 

oO = a and inside diameters of the hobbing 
nubtes (Fige213), makes up 25% of the height 
a J the tooth. Consequently, the length of 
e cutter path, counting the notching, is equal to 2.7 m In addition, after the 

44 

oe has penetrated to the rated depth, bie the radial transmission is discon- 
es the worm gear being machined mst be rotated through one or two full turns; 
then, the cutter path can be assumed as shes to~3 m ! 
| 


| | 
a After gear cutting, the worm gears are checked for wobble and cere The 


accuracy of meshing is checked on special devices , by coupling the gear with a mode 
er ee eee y 


md 
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ee ee 
Noncircular scetacce eased exetteeceaecacie aaa" 
_|petween_parallel. axes_with variable gear_ratio. Until recently, no sufficiently re= . 
_!liable and simple methods for cutting teeth inte noncircular wheels were available, 
10 a greatly interfered with their widespread use in instrument construction. By 


12/now, several methods for cutting noncircular gear wheels have been worked out - 


“ns (Bib1.3) . Let us examine the method of cutting noncircular wheels on one Minotype 


18 


ve deaehine (Fig.2l,). This method is used for producing wheels with a small module and 
— tooth lengths. The ring cutter (5); rotated by an electric motor, is used as 


20_\the tool. The noncircular former (1) and/the plane former (2) are linked by a steel 
22 \band. By means of the handle (7), the noncircular former can rotate about its 


24 axis 0.05 and, together with’ the clest (8), about the axis 00. 
26 


_ a 
Se ee 


28 
30 


o 10 

32 21 0,\.p 
ave 
34 nals ———— 


o 3: moeniiiien 
36 
3 


40 


ee eee ee 
ee 


42 21, —- Diagram of Machine for Cutting Teeth into 


l 
44 Noncircular Gear Wheels 


A6 


| When the former (1) rotates, the steel tape unwinds, and the plane former (2) 
48 

£ ves in the direction of the axis of the ring cutter (5). The counterpoise (9) en; 
50 | 


—sures continuous contact of the formers (1) ani (2). When the plane former (2) is 
5 


—moving, it entrains the axis 0, of the pantograph (3). The stationary axis 03 of 
Si 
—the pantograph is mounted to the hollow shaft (6). 


56 _ 
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0 
- When the former (2) is moving, by means of the axis 0, of the pantograph, the 


2 
“Tl axial displacements_are.transmitted to the_shaft (10) of the ring-cutter.—‘The rate- 
4 


_lof displacement of this shaft to that of the plane former (2) is at the same ratio 
6 Vintec tee 


jainism Se i Oe 
as the rates of displacement of the fantograph's arms 030), and 0,05¢ The former (1) 
8 


is designed in accordance with the curve eer according to the ratio of the 
10 


wheel to the centroid (4). The transformed curve is obtained from the centroid, on 
12 


miltiplying the radii by the constant quantity M. The axes of the blank (1,) and the 
14 


_'former (2) are linked by a band and disks of different diameters. Consequently, 


16 
when the former (1) rotates about the mie On, the blank (1,) rotates about the axis 
18 


(0, with the same angular velocity. At the same tims, the blank (4) rotates about 
20 


the axis 0, together with the cleat (8), so that 
22 
oe ees dts 
——? — M. 
24 a 


| 
The relative motion of the former (1) consists in rolling along the plane of 
30_\the former (2). The relative mtion of the wheel being cut must be a rolling motion 
32 due ‘to its centroid, along the genetrix of the dividing cylinder of the ring cutter. 
34 = 
Analysis for Accuracy in the Production of Toothed Gearings 


Let us examine the basic errors in the production of toothed gearings. 


en re in the Teeth 
42 


44 The error of eccentricity causes the gear wheel to rotate, in production, about 


46_'one center while the mechanism works about another center whose distance from the 
48_Jrirgt one is the amount of eccentricity. in addition to angular error, eccentricity 


S0—4n the wheel causes a pulsating noise with periodically decreasing and increasing 


1 
{ 
52-—4ntensitye This phenomenon is most typical of high-speed gear transmissions (for | 


54 _—‘exampie;—gear transmission of a tachometer) — ~ 


56 Eccentricity-in- gear is-caused by the following technological factorss— 


62 | 


er ere 
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a) Wobble in the arbor or the driving centers on which the gear wheel (pinion 
| 4s being ents —— ee 


b) Play between the fitting diameter of the arbor and the aperture in the 
4 SA ek Baa cena ate 
c) Deformation of the machine - part - tool flexible system, etc. 
Exemple. In cutting a gear wheel on an arbor, determine the maximm possible 
lamount of eccentricity produced by the presence . play between the fitting diameter 
_iof the arbor and the aperture in the whee , 


18 eer err ae amma 
ie 
20 | darp=2,8_o0043 dy 2,810. 


' 
—_—— — ee - > —— 
eS SiS es _ 
~—_ -_ 


= It is quite obvious that the maximm amount of eccentricity is equal to one 


fe the play: 


24 


— 


| 


- 
—, 
ee ee eee 


—_where e is the  geeunteictty: 


Snax 18 the maxim amount of play; i, 
~~ "~ "9,810 — 2,796 
ema gO 
It 4s evident from the example that the amount of eccentricity in the teeth can 


| 
Sats | 


a) More rigid tolerance along the inside diameter of the wheel blank; 
b) Using a set of arbors; 


c) More rigid tolerance for the production of arbors. 


“Wobble | 


5 | | 1 
= ! 
54} The 


—; s-error-of-end-wobble of teeth results from the fact that the axis-of t 


56 _ aperture—at-whose—base the teeth are -cut is not perpendicular-to the support-face 
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; the <n This skewing may be the result of inaccuracies in the production of the 
) 
Te wuectdnilinoesnsoene 
4 
eee orienta 
6 _|Profile Error __—_- 
| | teeth 
| In addition to angular error in the wheel, a profile error in the cutter 
auses rapid wear and rough transmission. | The basic technological causes of profile 
Cc 
12 
error are: . 
‘“ a) Theoretical errors inherent in the tooth cutting methods 
= b) Inaccuracy in execution of the cutter profile; 
1 
c) Wobble in the cutter; 
i d) Nonradial front face, etc. 


let us examine some of these errors - more detail. 


In cutting with a module cutter, an error in profile may be caused by the fact 
6 


: 
“a 


th on the wheel being 
that the cutter number does not _—_ to the number of tee 


This error may be classified as eusanetienl, since it is the result of the in- 
_ tentonal use of an approximated scheme 0 ' machininge 


For calculating the maximum tooth-profile error when & set of cutters is used, 
. VeA-Shishkov 
iss an 4s convenient to use the data worked ae by Cand. of Tech. Scie VeA 
36 


ica 
— Since, as a rule, only pinions with up to 20 or 22 teeth are cut by the dupli- 
3 


cating method, we have given the values of coefficients up to that number e 


The greatest profile error At (in microns) is determined according to the 


t 


| At =m (45 —Ar), 


ernest : 43: 
56 
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where m is the wheel module, in mm; 


A™ 4s the tabular. coefficient .corresponding to_the number_of_teeth-of the whe 
—+—_4;, 
being cut; 


4 


; : pe is the tabular © 4s the tabular coefficient —_ to the number of teeth for which 


the cutter is accurately profiled 
An error due to inaccuracy in the module cutter profile is copied in full (wit 
a seversea sign) on the teeth of the wheel being cut. 


In first approximation, we can estimate that the probable total error 4, in the 
profile will be equal to 


=VOPTHA : (8) 
rermnaianean 


where 5;. is the tolerance for the profile of the cutter teeth. 


] — a — _ ~~ ee ee - 


We mst note that irradiality in the. ‘front face will cause an additional error 
_t4in the involute section of the tooth profile. 


In cutting teeth with a hobbing cutter, theoretical errors result from the fact 
30 


_'that the cutter-profiling process is interrupted. As a result, the profile of the 
32 


.tooth, in the end face, represents a broken line which osculates the theoretical in- 
on | 


tvolute curv@e 


The number of straight-line sections is equal to (Bibl. 5) 


here € is the duration of meshing; 
k is the number of cutter teeth; 


Zz, is the number of cutter settings. 


50 The length of these sections (Fig.215) is equal to 9¥, where pis the radius of 


— at a given point of the ideal profile. | 
| 
54 


———-The-Limiting-value-is determined (Fig. 216) a 
| 
56 


A RR, 
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Here it is assumed that, within the limits of the angle y, the curvature of the 

















ne lsnvolute curve remains constant 5 aes e., |= const. This assumption results in a 
14 

—_|negligible error. 
m Z 2 tion to 
" Expanding the value cos aor into a series, and restricting the calcula 

_|the zero and first members of the series, |we will obtain 
20 - Me fo —_ 


22 


» 
es 
. 
~~ ee re re ee re Oe ee tee 
- - - 


a) Theoretical profile; b) Actual 


profile 





Substituting the value of the cosine into the forma for the height of the 
ridge, we will obtain 
| p be 





| 
| : | 
Wiest) cee he eee 


—— 








With-an-accuracy to within 0.02% -we may-assume ~that 


oe | my 

















LY 
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The maximum error will be along the : 


= | ee ae eee ene ai poe oh dea 


——_—_—_ar 


mz 
p,="etg t,= COS &, tg &,, 


—— 
a 


* 
a 


where the subscript e is the point of the|profile lying on the circumference of the 


protusions. 


Consequently, 


a cr ——_ —— 


£CO8 34 . " s 
—_— ———— e ‘ 
z+2 


_——. ee er ee 
- 


, ® 
In the above equations, z is the number of teeth of the wheel being milled; 


3 
"a a is the profile angle of the initial contour. 


= Wobble in the module and hobbing cutter also leads to distortion in the profile 


42 | 
of the gear. 


In the rolling method, “s a result of wobble, the axis of rotation of the hobb- 


In this case, if there are 


| 
ter will intersect the axis of its — cylinder. 
tool, the cutting faces will be displaced from their 


ing cut 
no other inaccuracies in the 


50 
—correct position on the gearing line. Depending on the 
cements vary in accordance with the sine law. The extent of 


— a ee ee ee 
——e 


angle of rotation of the 


cutter, these displa 
54 
_ —ldisplacement (af) is determined by the forma mle _ 


4 


| | STAT 


67 


em 
ereeviteet ota ee eee Sass sie 
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~ - -——o—, 
— —_—. 


Af= Al; sin asin Pie ——__—_—_—__—_— 


—= —— ee eee ee eee 
——_—— 
eee 


6 _'where. Al,_is. the parallel _displacement_o st be axis of the base cylinder relative to 
the axis of rotation of the cutter; 


Ps 4s the angle of rotation of the ter. 


The displacement of the cutter varies within the ‘limits 


a 

3 

12 

7 |  Mfrae ™ Lae sina, and Mf nin= —Al; sing 

16 Se a = 1 ——- 
18__|Consequently, the error in profile is equal to the algebraic difference 
20 = 

22 

24 


—_—— 
ee 
—— — —— 
——— —_ — 
- - — —— —_——— 


| f= MFinan — Bfonin= 2A SM ye (2.13) 


————— = ee 
——$ —_— —— 


a 
oe ~ 


An error in the forming of teeth is caused by incorrect Pacer of the cutter 


i and by end wobble of the cutter. | 
28 The correct setting of the cutter depends to a large extent on the experience 
30_lof the adjuster. End wobble of the cutter depends chiefly on the accuracy of the 


39_leutter construction. For first-class hobbing cutters, the end wobble must not ex 
34_\ceed 0.005 mm. 
36 
Pitch Error 
Pitch error is mostly caused by kinematic §naccuracies in the machine. The ac 
| 
2._leuracy of a machine working on the aa principle is determined by the accu- 
racy of execution of the angular pitch sf a dividing disk, by the concentricity of 
= fit on the spindle, and also by the wobble of the front drive center. 
| 


The accuracy in manufacturing the apie disk should be such that the total 


error in the wheel being cut will be within the limits of 5 min on the full revoli- ; 


| | 
5 _ of the wheel, and that the error in the individual pitch lies within the ns 


loft =— 2 mins | enemies eee Se ee ee 
a . perate on the rolling principle, the greatest inaccuracies 
STAT 


| 
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0 


= of the kinematic type which cause a ? sruption in the correlation of the magni-~ 
2 


of_a machine, 1. Ge, a —— 
_|tude_of motion,..or_rate .of motion,_of the! component links. 


a of coordination of the reciprocal movements of the parts of a machin6e 


lrolling method, the angular inaccuracy 48/30 — 50*. 


6 


4 @ 
a Tnaccuracies which depend on the rigidity of the machine have large magnitudes 
10 


| ; 
|Special research (eo. ge, see Bible 5) has been devoted to establishing analytical de- 
2 


4 pendences which express the effect of inaccuracy in individual parts of a machine on 


14 


the accuracy of execution of the wheels being cut. We mst note that, in the roll- 
16 


ling method, any inaccuracy 4n the cutter profile causes 4 quite definite error in 
_lthe pitch of the wheel being cute ~ 


From Fige216 it follows that the e r in pitch of the wheel being cut will be 
equal to | 


At, =m [cos a,—cos (a+ bo,)| = +"mba, sin o, =) __ (11.22) 


— —— ee —_ _ ——————- _ - 
+ _ 


el 


” In conclusion, let us note that in this Section only some basic technological 


tbe) causes of production error in machining were discussed. In addition, the technolog- 
32 


ical process of assembly causes several other, no less important errors. These 
34 


. problems are examined below*. 
36 ; 
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56_'+netruments-with-Flexible-Pickup: Elements. 
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TECHNOLOGY FOR THE ene OF SPECIAL PARTS AND 
ASSEMBLY OF GYROSCOPIC INSTRUMENTS 


le. General Principles . 


The most widespread gyroscopic aircraft instruments include the gyro turn in- 
dicator, the gyro horizon, the sieeetiaat gyro and the gyromagnetic compass. 
Gyroscopic instruments operate under : difficult conditions; vibrations reach 80 
30] cycles, with an amplitude of up to 0.15 mm; when the aircraft is landing, the in- 
32__ struments are subject to considerable impacts and jars; the temperature range at 
ms which an instrument must operate extends from +50 to -60°C. 
The following requirements apply to evnoschiae instruments: 
a) Accuracy of readings in Tere flights 
b) Stability in maneuvers of the rafts 


c) Reliability in constant use. 
44 
—2,. Characteristics of Some Gyroscopic Instruments 


4 


The basic part of all gyroscopic instruments is a rapidly rotating rotor moun 


| 
ed on gimbals. Rotation of the rotor is accomplished pneumatically or electrically. 


Pneumatic gyro instruments operate at a pressure variation of 40 — 50 mm Hg | 


4. ( gyro-turn—indicator)-and 80 ~- 90 mm Hg (gyro horizon, gyromagnetic compass;—auto-—; 


**—matie—pilot) «Depending -upon-what instrument -is being used, the-air-consumption—— 





STAT 
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varies within considerably wide limits. r example, in some series—produced instru 


on _the_air consumption _is_18_—_20. ltr/min for the gyro _turn_incicator,-—— 


0 - 60 ‘ltr/min for the gyromagnetic salle , and 60 — 65 ltr/min for the gyro 
{horton 


The moment of inertia of the gyro rotor for each of these instruments is as fol. 
10 


2 for the di- 
lows: J = 0.6 gm-cm-sec” for the gyro turn indicator: J = 0.7 gn-cm-sec” for 


2 
_trectional gyro; J = 0.9 gm-em-sec” for the gyro horizon, and J =1 gm-cm-sec~ for the 
14 


_| gyromagnetic compass. 
16 


The rate of rotation of the gyro rotor isn*= 6000 — 8000 rpm for the gyro turn 
18 


\dndicators n = 10,000 — 12,000 rpm for the directional gyro and the gyromagnetic c 
20 


pass; and n = 10,000 - 15,000 rpm for the gyro horizon. In electric gyroscopic in- 
9 
22 


_istruments the rotor speed is as high as 23 ,000 or 23,500 rpm 
241 


So 
a There are high requirements as to quality of the bearings of gyroscopic instru- 
26 


_Imnents. The moment of friction in the bearings of the gimbals of a gyro horizon must 
28 


_Inot exceed 0.3 - 0.5 gm-cm; in the directional gyro it mst not exceed 


—|0.2 = 0.3 gm-CMe | 
* The dead angle in the instruments (gyro turn indicator, gyro horizon and gyro- 
34 


J 


_imagnetic compass) must not exceed +1°, 
36 


The rotor of gyroscopic instruments must be statically and dynamically well 
3 


balanced. | 
40 


The axes of the gimbal assembly must ‘intersect in one point at a 90° angle. 
42 


| 
The individual units of gyroscopic instruzonts mst be balanced in relation to 
wo 


the axes of rotation of the instruments. 
«| 
The housings and air ducts mst be airtight. 
48 


In the case of electric gyroscopic eee special attention is given to 
50 


—the insulation resistance and to the sara of current feed. 
5 


= Accuracy of operation of gyroscopic instruments is largely determined by the 
So ad Se ey 


— quality of production of the gimbal ae - (coaxtality of the gimbal parts, mini 
56100 en odo saeege me ee 


a a © Sa ES 


n STAT 
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"laa friction in the supports, and ne units and parts relative to the axis . 


OE ais e_.1In_the_following,.we_will _examine _the technological processes _for_making 


pee basic parts and units and for aa the gyroscopic instruments. 


a 
| 
| 
7 4 


3. Axles and Cups of Bearings 


Accuracy of instrument readings and mechanical strength of the instrument de- 
Ipend to a large extent on the quality of manufacture axles and cups of the bearings. 
_|At overloads, the forces of inertia are absorbed directly by the instrument axles 


and ball bearings; for this reason, higher requirements as to resistance apply to 


_; these parts. 
20 
Tables J, and 4,5 show several types of axles and cups for bearings of gyro 
22 | | 
scopic instruments as well as the corresponding requirements. 
24 
The basic indexes of the quality of axles and cups are; 
~ 26 


1) Accuracy of dimensions; 


: | 
= 2) Correctness of geometric form; 


3) Smoothness of working and fitti surfacess 
4) Mechanical strength; | 

| 
5) Basic structure of the material. 


Brand ShKh15 steel is used as material for axles and cups. 
3 


The basic structure of ShKhl5 steel mst be fine-grain pearlite, with evenly 
40 


| | 
_idistributed fine carbides. The structure _— be uniform. When the structure is 
42 
Tl enaee the mechanical strength of the wowing surface after heat—treatment will 
44. | 
_— resulting in rapid wear of the axles and cupS. The permissible content of 


ed elements and carbide liquations = indicated in the technological specifi- 


48 
_ Carbide particles possess great ae and brittleness (800 Brinell 
0 


ts). In the process of machining, the carbides may bloom to the working surface;| 
5 


—like nonmetal elements, carbides stain easily, and like them, create centers of de- 
i, eae ie ee eee ies 


5 eee ee ee ee or et 


—struction in the working surface and increase friction. At uniform structure » the | 
a ee ee | 


— A A A AT _~ —— 
-. 
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le Wobble in the thread relative to 
the 'surface d not more than 0.05 mm 
2. Out-of-round of d, not more than 
0.00), mm 
3. End wobble, not more than 0.01 mm 
| 1. Wobble in the cone relative to 
the eagle not more than 0.05 
2. Out-of-true of the cone, not mors 
ied 0.02 
3. Tight thread 


—e 


1. Cone wobble relative to D, not 
| 


© 
| 
) more than 0.01 mm 


gus / WW8, WW2/ 


| 
' 2. Out-of-true of cone, not more 


le Wobble of the ball race R relative 
to D, not more than 0.02 mm 
| 2. Out—of—round of the profile of the | 


| 
ball race, not more than 0.003 m 
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1. End wobble ab relative to D, not 
i more than 0.015 m 
2. Conewobble relative to D, not mre 
than 0.02 
' 3. Out-of-true of the cone, not more 


than 0.02 mm 


1. Wobble of the surface d relative 


to the surface D, not more than 0.0012 mm 
| 
| 2. End wobble ab relative to d, not 


wee than 0.0] ma 


Basic Requirements 


| 
1. Wobble of the surface d relative 
w~ WS / TWA TIOIZ/ 


to the surface D, not more than 0.03 mm 


2. Out—of-round of surface d, not 


more than 0.06 mm 


i 
3. End wobble ab relative to the axis | 
i 


of the part, not more than 0.015 mm 


—— é | 


—— 





ey 
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| 4, Wobble of the surface d relative 


12 to D, not more than 0.006 mm 
Se eee: 2. Out-of-round of the surface d, 


ws /KV8, Wi2Z/ 


not pm than 0.003 mm 
3. Outer end wobble relative to D, 


| 


not imore than 0.01 mm 





lL. Side wobble cf the surface d, not 


more than 0.025 mm 


' 5. Taper of the surface D, not more 


pial 0.003 mm 


1. Wobble of the surface d relative 


to the cone, not more than 0.015 m 
| 


| 


not ‘more than 0.005 am 
| 


2. Out-of-roumi of the surface d, 


' 3. End wobble ab relative to the 
| 


cone, not mre than 0.02 mm 





| Le Side wobble of the surface d, not 
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Basic Requirements... 


1. Wobble of the surface d relative 
to D, not more than 0.01 mm 

2. Out-of-round of d, not mre than 
0.06 mm | 

3. End wobble relative to D, not 


more than 0,01 mm 


hardness of the axles and cups should be 62 ~ 65 Roe 

The temperature of heating for hardening of ShKh 15 steel is 825 - 81,0°C, and 
, quenching is done in oil. After. hardening, the steel mst be tempered to eliminate 
internal stresses. The best procedure " tempering is heating to 150°C with aging 
for 2-4 hrs. | 


= To obtain stable dimensions and to eliminate waste due to deformation of axles 


and cups, artificial aging at a temperature of 125 - 130°C, with holding for 10 hrs 
is used. - | 
In electric gyro instruments, bearings with inner races are used; for this r 

son axles for these instruments differ somewhat from axles for pneumatic instruments. 
44 Table 46 lists several types of ies for electric gyroscopic instruments. Th 
46_—basic distinction between these axles and ithe axles examined above (see Table 4J,) 
48_-Jies in the fact that they do not touch the bearing balls but are joined to its in- 
50 ; ternal ring. This group of axles is nade’ fron EZhi, steel and is not subjected to 
heat treatment. In electric gyroscopic iistrunents , the frames have thin walls, | 


54—' dne-to-the-absence-of-air ducts; for this reason, fixation of the-axles,;—except-f 





| 
3.6 J +he-diameter;—is-done-also by the ends.— ae this connec , the base-ends of the— | 
STAT 
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__ Axles of Electric Instruments. = 


| 1. Wobble of the surface D relative 
to | not more than 0.005 mm 
wal. not more than 0.0] mm 


| 


| 4. Wobble of the surface D relative 


2. End wobble AA relative to the 


to 1 not more than 0.005 mm 


| 


PANY 


2. Wobble of d. relative to dj), not 


more than 0.1 sm 


\ 


3. Wobble of the cone relative to 


aK 


dj, jnot more than 0.01 m 
1. End wobble AA relative to the 

ae not more than 0.0] m 

| 1. Wobble of the surface dy relative 
to do, not more than 0.02 mm - 

| 2. Wobble of dy relative to dos not 
oe than 0.0, mm 

| 3. End wobble AA and BB relative to 
the axle, not more than 0.02 m 


) 1. Part surfaces in contact with 


| 
wires mst be coated with a layer of BF-i 
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ular to the geometric axis of the part. Since the 





axles mist be strictly perpendic 


he balls, somewhat_lower— 
_lworking surfaces_of these. axles. do. not f _yraceways_fort 
4_| 


ures 
_jrequirements for smoothness in machining apply to them. Some axles have apert 








ee eee een ee, Se 


for current leads. In this cé case, the axle surfaces in contact with the current 



















leads, are coated with a layer of BF-l, adhesive, for better insulation. 


_ the Axle of the Gyro Rotor for Fneumatic Gyro Instruments 


u The axle of a gyro rotor is turned ‘ turret lathes or on automatic horizontal 


jathes. After turning, the rotor is subjected to heat-treatment and then to grind- 
_ling. The grinding mst be done with special cares rough grain, burns, ellipticity, 


and conicity are not permissible. 





| 
24 | 
nS : ‘es gs 7 
28 a 
rt] SY 
30 : 
{ 
32 
34 ! 
36 | -- - aa ae ee 
Fige347 - Axle of the Gyro Rotor 
a) Dull to 0.2; b) Finish to a glasslike surface 
40 
42 In grinding the cylindrical surface : an axle on a base of honed cones, the 
44. \eenter of the back face mst not touch ‘ie part at points of the raceway, which 
a hadd result in damage to the parts. 


45 Grinding the ends may be done on a — grinding machine, or on a surface 


oductive 
50—prinding machine. In the latter case, the process is considerably more pr ; 


— no special devices are required. 3 


o4 To-obtain-the-required surface smoothness of an axle -cone; polishing is-used. 





tric form which -had occurred 
55_Ipelishing-does not-eliminate the tnacouracies in geome al 


ca 
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in the previous machining process but only improves the smoothness of the surface. 


2 
_\Polishing the_axles_is dons_on.a_drilling. machine, with a special lap (Fig.318).—— 
“ime lap is made of brass; the working surfaces of the lap are clad with a layer of 
6 = 


—{tan- 
8 


In polishing an axle, wobbling of an machine spindle mst be avoided; the ma- 


4 


chine table mst be perpendicular to the spindle. A recipro~ 


cating motion, within the limits of elasticity of the split 


end, is transmitted to the lap; at this, the rotational speed 


of the spindle is oad to U,00 - 1600 rpm The polishing is 
done with GOI wail After polishing, the surface should cor 
20 


respond to. VWVV 12. Checking the surface is done on a 
linnick microinterferometer. With it, the following defects 
can be discovered: | 

a) Scratches produced by dirt dropping into the paste; 
b) Nonuniform width of polishing in the raceway, 
caused by noncoaxiality and skew of the lap; 

: c) eseaeive undulation as a result of using a burnt, 


34.1 Fig.348 - Lap for 


: hardened aie eive: 
the Gyro Rotor 


soo After the final machining the parts should be lubricated 


3 


with nonacid oil to protect them from corrosion. 


chining the Bearing Cup | 
| 8 


- Bearing cups are rolled (Fig.349) on turning or automatic turret lathes. Grind 
46 


hing the ends may be done on a lapping =o or on surface-grinding machines. For 
os inding along the outside diameter, centerless grinding machines are used, while 

rz ternal grinding of the raceway is done on a special spherical grinding machine. : 
= In grinding the raceway, the bearing aap is clamped in a special diaphragm | 


ci shown in Fig.350. | | | 


‘ 
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: The flange of the chuck body (1) carries the diaphragm (2) with three soldered 
_|bosses_(3), to which three_clamping 


_cams {5)_are fastened with the screws _{J,).—By— 
means of the rod (6) passing through the hollow spindle of the stock, the diaphragm 
so Bh te he wie, ee De aa at Nae 

can be bent; in this position, the cams separate (see the lower projection in 


l 
Fig.350), and the part to be machined canbe easily anserved into the chuck. When 


= rod is pulled back, the diaphragm straightens , the cams make contact and clamp 


the cup being machined. The working surfaces of the cams of this chuck are ground 
the chuck is placed on the machine, oo" results in concentricity of the race 


way with respect to the Since diameter. 


2 ovstewe wrv'2) 


2p, 5 $134, d) 


is $1054, 


a) Ci -—— WY: 
— Yan 


R2.320,08 


Fig.349 — The Bearing Cup 


must be 0.01 - 


a) Polish; b) Finish to a glasslike surface; c) Facet 0.2 x 15°: 
d) Dull to R = O-1_9 993 Madina end wobble relative to $166 
The raceways in a bearing cup are polished on a lathe with the special lap il~ 
“oO lustrated in Fig.351. A tinned lap and 7 - 120! emery senien are used for prelim 
le polishing; machine oil is used as ttle lubricating fluid. 
- A palm lap and GOI paste are used i“ burnishing, with kerosene as lubricant. 
oj profile of the raceway is checked car an impression, taken by pouring a fusible! 


Os into the raceway; the checking is done on a projector which enlarges 100 times. 
50 


e Rotors 
| 


The rotor is one of the basic parts of gyroscopic instruments. In producing | 
et pce SEs ey aE | 
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0 | | 
| rotor, extra care is required, since even insignificant imperfection in its bal-} 


_ance_generates_an_ auxiliary. centrifugal. force which places.a_heavy-load_on-the 
4 


= 
i: 


16 — A Ve 
18 Ait 
20 | _ 
22 
24 
- 26 3 her 
29 : 
30 
Fige350 — Diaphragm Chuck for 


34 
36 
3 

40 
42 


essary for good balance), sufficiently tough to withstand the considerable centri-~ 
| 
44_|Imist have a rather high specific gravity, le ‘obtain a high moment of inertia despite 


46_!gmall dimensions. 


! 
| 
7 


| 
| 
| 
| @ 
| 
Fige351 — Lap for Polishing 
the Bearing Cup the Bearing Cup 


The material for the rotor mst be uniform, without blowholes (a condition nec- 


fugal forces which develop at high rotational speeds, and resistant to corrosion; it 


48 Rotors are usually made of 1559-1 ee » aluminium-nickel bronze, and stainles 


50—'steel (the latter is rarely used, since it is difficult to machine). | 


| 
| 
Technological Process for Rotor Manufacture 

54 oe ee Sut Es 





: | 
i c-vstieicdadeaaiks -used in manufacturing rotors (Fig.352)s--The blank for the ro=7 


| - 4 STAT 














Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 











0 











2 

4 

- 6 
8 

i0 
i 
14 
16 
18 
20 
22 
24 
26 
2 
3 


§ 
0 


4 
A 
4 
pe) 





Fig.352 — The Rotor p from the Axle 

Machining the rotor on a lathe consists of three stages and is done to obtain 
32 
4 


4 
6 


a 


26 
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tor is obtained by drop-forging. 
o_eliminate_internal stresses which: may_subsequently_cause_warping of the ro=- 
tor and lead to destruction of its balance, the forged blank is subjected to anneal— 


ling, and then to etching and washing. 


. 
—————— — oe oe oe - —- ee en ~ —_— - —_ — a eee 


VV5 (WVV8, 05,73) 
03 joe 





soo = ae 





minimum wobble of the outside diameter with respect to the inside diameter. In the 


| % 
first stage, the basic allowance is removed, and the aperture is drilled. In 


| 

of machining, in order to obtain high concentricity, the part is clamped in special 
{ 

cams which are fastened on the usual cams of the chuck and are bored in situ. 


36 
ing, the rotor blank is clamped in the usual three—cam chuck. In the second stage 
3 
40 
42] 


bored simultaneously with the external rolling » which ensures its concentricity. 


i 
oe in such cams does not deform the part to be machined. The aperture is | 
erture, the aperture is reamed. To prevent the reamer from breaking the aperture, | 
0 | } 


| To obtain the necessary accuracy and optimum surface smoothness of the ap- 
8 


the reamer is fastened in the chuck of the machine, while the rotor is held by hand | 


re 


—andi fed to the reamer. After this, the minimm allowance is ground off the external! 
fe eee ——— 


~ 








—surface. The rolling is done on a precision lathe. In this case, the rotor is ma- | 
a 
\ ; 











pews eng  — ante et 5 
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0 

_ chined in one operation. The rotor is mounted to a smooth arbore To prevent wobble 
2 

. i ite Aiea bored. on_the_spo ~__Concentricity—in-thedesign_of the ro- 

tor is checked in the centers with an tas gagee After the final lathing, the 








ean ea a 
eee are milled on a vertical milling oe , with a special cutter. In mounting 
8 


° 1 
Sg rotor to the arbor, the same base is used as in lathing, which process ensures 


10 
12] 
14_] 


I ating in the instrument. To obtain holes of the same dimensions, the cutter mst 
16 


| 
concentricity in the distribution of the holes. The holes mst have the same dimen~ 


sions in depth and pitch, in order to avoid vibrations of the rotor when it is oper- 


rotate for three to five seconds without feed after the feed has stopped. In mili— 


18 
_|ing the holes, burrs are formed which arejremoved by rolling on the same machine and 
20 ‘: 
in the same arbor as in the final lathing 
a2 
After this, the remaining negligible burrs of the holes are removed with a 
24 7 


per. This completes the machining of the rotor. 


te | scra : | 
In transporting rotors, extreme care is required since even small scratches are 
. "TN adttioult to smoothen, due to the fact that the allowances removed in the last lath- 
_ ing operation are negligible. For this reason, special packings with a separate 
Oh aiid for each part should be provided for storing and transporting rotors.- 
7 After press—fitting the axle, the notor may be aoneoncentric relative to the 
sore taper of the axle. For this reason, the rotor is again bored along the en- 


—tire surface, after press-fitting of the axle. 
C , 


| 


The above-described rotor is being replaced at present by a more perfect de- 


Plus of the Rotor Construction 
44 





46 : 
—'sign in which the rotor is integral with its axle (Fig.353). The ends of this axle 
8 i 


anaes cut-outs into which, during asweunay, a ball is inserted which replaces the 
C 
" mae ends and raceway of the steel axle in the design of the first variant. 
$2 | . 
a Such a rotor design results in great accuracy of balance and has several tech- 
04 a ee cee 


PAS GP a 


56 ological advantages: Assembly is simplified, since a spherical support is less 
{ er ee eee ne ee ge ee 





ee ee 








Ee 





age 
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sensitive to skews; repair is simplified, |since all that is required is exchange of 

the_ball;_in machining, expensive_operat _for_machining the taper ends of the_ro=| 
—itor axle are eliminated. Thus, this kind:of rotor is more economical to produce. 

The technological process of manufac uring a rotor of the second variant does 

not differ in principle from manufacturing a rotor of the first variant; it is just 


that machining an aperture for the stee 


WV5 (TVV9, 94,73) | 
LN, 5° , 


a 
| 
, 
: 
| 
| 
| 


axle is replaced by machining the cone 
flanges. The basing in the final lath- 
ing is also simplified, since instead 
of a specially prepared arbor for each 

_ part, the machining is done in the seas 
ters. Producing a rotor of the second 
variant is more economical, since there 
is no need for a steel axle, aS assem 
bling it with the axle, or for boring 
the rotor after it has been shrink- 
fitted to the axle. 


—_ 


To increase the rotor efficiency, 


Fig.353 - The Rotor with Axle 
ant is increased from 2, to 42, and 


| 

. ; 
the number of holes in the secom vari- 
| 


their form is changed. The new form of the holes requires the use of special index 


| 
— heads (Fig.35,). The index plate (2) with 42 divisions, and the worm wheel (3) with 
| 


44 


yee teeth are mounted to the spindle (1) of the head. The housing (4) is mounted to 
weoitt spindle by the index pin (5). The index pin (5) is moved away from the index: 

plate (2) by the lever (6) and the handle | 

t 


(7). When the lever (6) rotates, the | 
: oo bar (8) and the pawl (9) start moving; as soon as the index pin (5) is no | 


} 
ea _jlonger engaged with the index plate, the worm wheel turns the spindle one division. 


9 yee ieee Sere 


Yo smsan sdammaidneiconoden the handle, the spring (10) returns the sliding | 
eas Coe eA ga ee gre nae et 





te 


—_—aee ee 
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ee eee re He ewe 8 ® —o- 


‘ 


oom 
+ ef 
_ ° 


° i (8) and the pawl to their original position and at the same time, through the 
* _llever (6),-acts_on the index pin_( 5),-forcing it_against_the index_plate.—During— 
this, the housing (4) of the index pin sales on the stop (11). 

The feed in this device is supplied Hy lifting the handle (7). This causes the 
housing (i) of the index pin, together ails the spindle (since this is connected 
with it through the pin) to move away from the stop (11). and drop by the required 


angle, until the adjustable stop screw ( ) rests against the stop (13). 


Na ered AA 
SERS 
Wp — 


= 


Fig.354 — Index Head for Milling the Holes of a Rotor 


5. The Frames of the Gimbals 


ee 
3 


40 The frames of gyroscopic instruments must satisfy rigid requirements with re- 
| 


42__ spect to accuracy in the execution of the bores and in their distribution. Check 
44_\tests mst be made, after the frame has been machined, to determine whether 
46 a) the two opposite bores are coaxial; 
48 b) the two intersecting axes are located in one plane; 
| 90 c) the two axes aupaneect at an angle of 90°: 


| 
3 d) the base ends are perpendicular to the basic axes of the frame (especi 


o4 —in-the-case- of electric gyroscopic instruments). ——-— 


| 
56 a machining -the-frames -of- pneumatic instruments, -we-mst -provide- for hermetic— 
} 
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s 


sealing of the internal air ducts, and there mst be no blowholes or brittle spots 


nthe material. _This_is. obtained by_preparing the blank of the frames by chill-— 


casting or pressure-casting. (The frames|of electric gyroscopic instruments need 


not satisfy any requirements as to ne seal.) 


| 
| 
| 


‘ Fige355 _ Frame 


Aluminium alloy is used in the production of the frames. AIS and A1OS alloys 
om ae used for chill-casting; brand AL3 alloy is used for pressure—casting. Let us 
42 | 
study the typical example of a technological process for producing the frames of the 


_|gyro horizon (Fige355)-« 
46 


The blank of the frame is chill-cast, after which the cast gates are cut off. 
| 
48 


Aging is used to eliminate internal stresses, Internal stresses may cause warping 
50 | 


—lof the frame and loss of the accuracy attained in machininge | 
3 | 
After aging, the bores are subjected to preliminary drilling, which allows bor- 
54 eee es 


ee 
ling with a smaller set of instrumerts. Subsequent operations are: samiblasting, 
eee eee ees 

~] 


STAT 











Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


washing in: gasoline, drying, and sealing the air duct with special gaskets. The 
gaskets are_set_in methanolic. adhesive.—This_is. followed_by_caulking-the-duct. bead, 

+ and drying for <j hrs. After completion, |the frames are checked for eer seal 
under a pressure of 200 mm OmHg 

One of the basic stages in machining'a frame is the preparation of the base 
plane, in reference to which the holes will be bored. In machining the base plane, 
the frame clamped in the device mst not — elastic deformations, since it may 

_\later straighten on removal of the clamping force, resulting in warping of the cor=- 
rectly machined base plane. Fixation and ‘clamping to an uneven plane will eause the 
_|same phenomena in the boring of holes. 

After preparing the base plane, the basic bores of the frame are made at a g0° 
angle. If the frame is subjected to elastic deformation under clamping, then even. 
in accurately executed bores the sacuveny Wad be canceled as a result of warping of 
‘the part after it is taken from the device. 

“4 Let us show on a typical example the Snaccuracies which may occur when the 
frame is clamped incorrectly. Ina device for milling a frame, the supporting sur- 
| sos AA of the frame and the direction of action of the clamping force P are shown 


3 
a atle in Fig.3566 


a If we consider the frame as a bean supported freely at two points, the angle of 


| 
rotation of the walls, in which the apertures are bored under the action of the ap- 
40 


| 
fe load, may be determined from the forma 


| --—_- — 
o= PL"— radians , 
vote Eien, pee eS 
ere P is the clamping force; 


L is the distance between the Suppor as 
E is the modulus of elasticity; | 


| 
eae -_the -moment—of--inertia-of -the- peoveene 


— ial ic -of this error nay be judged-from the following ~examples 
a 








< ee ener a 
eee yp EET FT OS “a «wee~ 
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0 


For simplicity of calculation, let ‘ assumes that the cross sections of the 
2 
a sai cis ie See hen rect ¢—b, = 6 2m _ani_h_=—2) 


5 mm in-each-wall,— 
4 
making in all, b = 12 m and h = 25 m. e clamping force is P = 200 kg; the dis— 
6. ee ee eee a 
+ tance between the supports is L = 100 m.! The modulus of elasticity for aluminum is 
£ 


_ taken as equal to E « 72 x 10+ kg/om~. Under these comlitions, 


te te 


ee ee ee ee ee © mere —_—_— 


: —__—_——_—-=0,001 radians, 
18 
20 ee ha os | 
| S 
| S Qo | 


a) Frame clamped on the device; b) Frame taken off the device 


A skew of 3.4 min in a length of 50 mm will be 0.05 m, while the permissible 
50! skew is 0.03 mm in a length of 50 m. 
52 


‘ 
t 


Such an error in machining the bores in frames cannot be allowed; consequently, 


54in-devices for—preparing the base plane and boring the apertures, moments-of-fi 
| 


o 


6 —from-the—clamping -forces-—mist be prevented from acting on the frames— This-can be; 


| . STAT 








{ 
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avoided if the action of the clamping force is directed against the supports. 
ring the holes_in the_frams _4g done on a universal milling_machine_or_on-an—. 
_ aggregate machine. In machining on & machine, the frame is attached to the 


a ct i sc eae 
= ay and the replacement tools are inserted in the spindle of the machine. For 


_lundercutting the ends, a special arbor with knives is used. For boring the arer~ 
ai tures we use a special chuck inserted in the spindle of the machine and carrying the 
it boring cutter. This chuck provides for movement of the cutter in a radial direction 
14 
_lwith the help of a micrometer screw. For \preliminary machining of blind holes we 
. use special end mills which, unlike drills, do not lead off the aperture; this is 
18 


aie important to obtain an even allowance for |final boring. 
20 ; ; 


22 : ; wo 
24 
26 


28 


41 
x 
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* 
2 
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30 


32 


Fig.357 - Diagram of an iabaoii Machine for Boring 


' 
| ° 
Apertures in a Frame 


| 
Machining apertures in the frame of the gimbals on an aggregate machine is = 


productive than on a milling machine. A diagram of such a machine is shown in 
—'pig.357. The machining is done in two operations from two settings. Advance of the| 
56} 


ET Eee Cae ge 





STAT 











Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Fixation of the frame in the second setting is done in accordance with the pre- 


bored apertures. [bored apertures. Apertures in the in the frame of the gimbals may also be bored on semi~ 


automatic machine groups, in = pnacecvenapiel case te for the power heads is supplied automat— 
ically. Correct distribution of the apertures 4s checked on special devices. The 
device simplest in design is the following: A special large frame with accurately 
through four pairs of apertures in both coe plugs are inserted; if the apertures 
of these frames coincide these plugs sho drop in readily. If a plug does-not 
pass through a certain pair of apertures, the fram is rejected. A device of this 
type cannot check the distribution of the lense within any definite tolerances, 


since this will be affected by the toleraices of the apertures themselves, by inac- 
26 


: apertures is prepared; the frame ‘4 be checked is placed inside this frame; 


curacy in the distribution of the silica , amd by elasticity of the frame. This 


| = 
method is not objective, since the plugs my be inserted with varying degrees of ef 
_\fort. The most perfect method of checking the distribution of apertures in the 


frame is with an indicator gage. To do this, we insert into the apertures of the 


> 4 £ special plugs with center apertures which are strictly concentric with the fit 
36 


3 


which simplifies selection of the plugs oe to the diameter of the aperture, 


ting diameters. There is a set of such pings , down to 0.005 mm, for every aperture, 
ia 


which may vary within the limits of ‘the tolerance. The selected plugs are. inserted 
4 


on the ‘apertures in a tight fit. The seeeuatey of two opposite apertures is 
44 


—I\checked by setting the frame, with the inserted plugs, on the centers (Fige358) 
46 
Checking the perpendicularity of the axle apertures is done on vertical momen 
{ 
(Fig.359). | 
Correct distribution of axle aaa in one plane is checked in the following 
manner: Four plugs with the same size necks are inserted into the frame. The gen- 


ee EE LD TL 
ee ae — 


eratrixes of the necks of these plugs should lie in one plane; this is checked on a 


ee ee ee ee ny are 
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0 


; : special plate, with which the necks of a plugs, with their generatrixes, should 
—Leainc 


4 
x The correct distribution of apertures in a frame should be checked with great 
6 


_ » but should be checked only once. - repeated measurements are taken, the 

8 ° 

— plugs mst be reinserted into the titel Measuring two or three times may bring 
10 


the dimensions outside the limits of the tolerance, since the frame material is pla 


12 
tic so that the size of the aperture may easily enlarge. 
14 


| 
1 
f 
! 


| | 
| 
| 

| 


Fira 


Fig.358 - Diagram for Checking the Fig.359 - Diagram for Checking 
Coaxiality of Frames on Horizontal . the Perpendicularity of Axial 
Centers Frames on Vertical Centers 


‘i Subsequent operations are: turning bead to scale, which is done on the base 
oot the bored apertures; drilling the apertures; threading: and milling the recess in 
” he air duct from the bored aperture em. | Threading for a center screw is done by 
waa and, with a special tap having a guide which moves through a collar inserted in the 
oe pposite aperture. | | 
- After the final machining, the frame mas be carefully cleaned of chip and | 
: 9 prashed in kerosene. No trace of chip or dirt mst remain in the air ducts of the 


1 
~‘frames. In the process of operating an instrument, a chip may fall out of a duct 


ae ee ee eee 
| | 
sg pra drop into the bearings, which will disrupt normal operation, cause additional 
_| | ‘ j 
ne 
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friction, and early failure. | 
to_assenbly, they — 
°-| tn the process of machining-and_in. storing the frames_prior to 


‘should be kept in special packings to Bee them from scratches and dust. 
4 


Ft I 


. ig 
= 6. Assembly of the Bearing Unit 

- The ball bearings of gyroscopic instrv ents operate under difficult conditions; 

i they are subject to vibration and impacts; the rotor rotates at a high rotational 


+50 to -60°C. For these rea- 
_| speed (up to 23,500 rpm); the temperature varies from +5 


| dimen— 
i sons, the bearings must meet rigid requir ments as to accuracy of geometric 

3 
2 


sions surface finish, hardness 9 minimum riction, failure-free operation over &a 
3 
20 


tional 
guaranteed period, resistance to corrosion, and smooth running at high rota 
22 


speeds. 
24 


Bearings which provide for free rotation of the rotor relative to the principal 
: a laxis of the gyroscope are called principal supports, while those which provide for 
om free rotation of the gimbal suspension are called suspension supports. The rotor 
7 iaxle, resting on the principal supports, rotates at an angular velocity which is 
34 
| 


many times greater than the rotational sided of the outer and inner frames of the 
36_| 
—isuspensione — 


This constitutes the basic difference betweencthe principal supports and the 


40 
| suspension supports. 


| ed. 
ae In setting the bearings in the instrument, proper clearance must be maintain 
~, large clearance in the bearings leads to a shift in the center of gravity, which 
“4 t of 
on precession. A small clearance causes an Sncrease in friction. The momen 
48 


‘friction in the principal bearings has an effect only on the power consumed in ro=- 
50 


—'tating the rotor, while the moments of friction in the suspension bearings of a 
: | 
— scope cause precession of its axis. | 


| 

Bnet eee eee Cac tability of a gyroscope having a weight P ani| 
Let us examine the effect on the s a y 

na nnn a a ee 


~— 


56_| ——— 
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a cee axis, by a shift of its center of gravity along each axis of coordinate 
A shift of the center_of -gravity-along-th rtical-axis_produces-_no_moment.—Con=— 
versely, a shift of the center of gravity along the horizontal axis, perpendicular 
pee peeee eee -tnorates a monent relative to the principal 
. axis - a moment which will be absorbed iia outer ring of the gyroscopee In dis- 
10 placing the center of gravity along the principal axis of the gyroscope, directed 
horizontally, a moment equal to+P, and c rresponding to the axial clearance te in 


_lthe principal supports is produced; this causes 4 precession with an angular weines 
ity of 


(18.1) 


From this we may conclude that an axial clearance in the suspension supports of 
_ta gyroscope with a horizontal axis of rotation, from this point of view, is imper- 
ia However, for proper assembly sich a clearance is necessary; therefore, it 


| 
should be reduced to the minimm possible lsize, which is determined chiefly by the | 
30 


_teorrelation between the temperature coefficients of linear expansion of the rotor 
32 


body and axle. The principal supports of a@ gyroscope should have maximum accuracy, 


34, | 
ea the rotor rotates at high speed. the shape of the principal bearings is 
36_] 


laistorted (skew, ellipticity, etc.), even an ideally balanced rotor will cause 
ie forces which may lead to failure of the instrument. 

Thus the following requirements apply to the supports of a gyroscope: 

a) Principal supports: 
1) accuracy in execution; 
2) minimum permissible axial clearance. 

b) Suspension supports: 
1) accuracy in execution; 


2) minimum friction. 
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cording to their design: 


sean ee with a. netal_separatony 
A 


2) Magnetic (dismountable) setuid with a matal or a textolite separator; 


enters the bearing, or the ball ch replaces this axle, directly touch the 


eet 
t geet ee! ee 
° = 3) "Thrust" bearings without inner ring and separator (the tapered axle which 
8 
0 


1 


balls of the bearing itself). 
12 


Radial and magnetic ball bearings widely used in electric gyroscopic in- 
14 


_' struments since, despite the fact that they have the same bulk as Thrust” bearings, 
9 

_'they have a considerably larger 4nside diameter. This permits their use on hollow 

| shafts of comparatively large diameter — axles or shafts accomodating current feeds. 


Magnetic ball bearings may be taken apart -and washed before final assenbly of 
22 


_'the instrument, and in the process of use; this is their advantage over radial ball 
24 


_'pbearings. For the principal supports we use ball bearings with a textolite separa- 
- 26 


_ttor, which ensures best lubrication; this!is very important under conditions of hi 
28 


_|speed rotation. For the gimbal supports, poe it is important that. friction be 
29 


—'kept to a minimm, bearings with a metal Separator are used. 
32 


The technology for producing the individual parts of a "step" bearing (axles 


34_| 
Pe a bearing cups) was examined above. 
36 


— Balls for "thrust™ ball bearings are obtained ready-made from the factories. 
3 

4 ShKh 6 steel (OST 34,26) serves as the material for the balls. 
so] 


The dimensions and out-of=round of the balls are checked on a vertical tele~ 
42 


| 
—scope caliper. The surface smoothness is checked expediently on a microinterfero~ 
44, 


—'meter. Pits, scratches, burrs, secuiveances , blowholes, and traces of corrosion 
46 


—!ceannot be allowed. 
48 
50 


—— should be within the limits of 61-65 R,. The quality of the balls is lar 
ry) 


—y responsible for the service life. In storage, the balls should be lubricated 
54 $4 ——— SE cee ele pee 


The balls should have no uneven tempering or burnt spots. The hardness of the | 


—with acid-free grease after preliminary washing, and should be packed in boxes lined! 
56 


—————S ve ~ 
| STAT 
# 
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0 ; 
with oiled paper. 
2 


ch_do_not_ satisfy the_spec 4c. requirements_and which _have_an_allow=— 
4 


ance are subjected to additional machining - honing on a lapping machine. 
6 


ne 

§g—_| Smooth Running 
. The assembled bearing should provide | smooth and even running, without jerks and 
starts, for the rotor and the gimbal rings. The bearings should cause no vibration 
14 - 


of the gyro assembly and should not set up mich noise in operation. The smooth run- 
16 


ning of the bearings is checked separately as well as in the gyro assembly. The 
18 : 


bearing is calibrated with a standard gage in- 
= sert , in a special frame together with the ro- 
tor. tn the bearings the rotor should rotate 
smoothly and noiselessly. Poor quality of the 
esette balls is determined by a characteristic 
ake by uneverprunning; when this is 


discovered the balls mst be replaced. 
l 


Minimum Friction 


The moment of friction causes precession or 
sets up a zone of stagnation. For the suspen- 


sion supeorts of pneumatic instruments, the moment of friction should not exceed 
42 


10.3 = 0.5 gm-cm; for the suspension supports of electric gyroscopic instruments, 
_ 0.5 - 0.7 gmcm; and for principal supports, 0.6 - 0.9 gm-cme 
. For normal operation of a Mhrust™ sa bearing there should be clearances 
° along the raceway between the balls of ae bearing. In these bearings, the sum of : 
an intervals between.the balls, when the latter are in contact with the raceway, is 
5 


called the total clearance. | 


The total clearance may be determined from the geometric dimensions of the | 


o4 


‘ 
re rr 


| 
| 


Fo 


eee ee 
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are 
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. 


bearing. The schematic distribution of t 
he interrelation_of the_values: 


S, the total clearance between the balls in the bearing; 


| 
R, the radius of the bearingoup FhewmyS 


r, the radius of a ball; | 
n, the number of balls. 


From Fig.360 it follows that 


: aoe ae . nm 
— = or a=2aresin : 
16 oe 2 R—r R-r 


r | 
18 (n—1)a=2(n—I)arc sin & oe 


— ee 
——e eee — —- oe —_— 


20 


22 


ee ee aD TS ee 
* 


oniedeessien 


g=2n—(n—1 1)a, 
24 


" 26 . 


= id) eeek 


ee 


29 | o= 2n—2(n—I)are sin ; | 


— ee we ee eee —[) eee 
———— 
- me ee eee ee ———— —S—— - 
A (ho a = SED “we 


? r 

32 =e (n— Tare sin poe . 
‘ a an 
34 J m(R-1 sin = =(R—r)sin |= —(n—1)arc sin 5 -|= 


36 =(R—r)sin[(a—aresing |. - | 4 


eee eee we ee 


40 
42: 


44 


sgt ese ig ee 
[ge — 
46 | S=2 (R— _r) sin G 1) arcsin ae : 


ee ee ee 
eee ee ee ee ee 


48 


90 | : 
| S=2 (e- —r)sin aie —l)arcsin 
een R- p | 
5 vee | Mine soe 


54 By-thi-s-formla-we -may alSo,- in selective sauenie determine the -dimensions-of 


56 _'the-palis—for-a--given-radius -of the bearing-cup raceway-or; onthe other hand, -de= 
| | STAT 
—96- | 
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The total clearance between the balls depends upon the dimensions of the balls 
_land the diameter of the bearing-cup raceways When the dimension chain is computed 


10 
we may find that full interchangeability cannot be obtained in assembly. To provide 


12 
7 for the required clearances, selective assembly should be used. 
14 
Before being set in the bearing, the balis are sarted nto groups. jhe >alls 


16 
hi a single beaming should be of the sams ‘size, with permissible deviations of 
18 


_|0.002 mm. 
20. 


As fesearch has shown, the moment of ‘friction in bearings increases during a 
22 


| 
period of 25 - 50 hrs after the instrument starts &o operate. If, after this period 
24 


the bearing is taken apart and washed, the moment of friction returns to its origin- 
26 
7 al value and does not increase during the ‘subsequent operation of the instrument. 


20 : 
This is explained by the fact that the balis run-in to the raceway, during which 
30 


process a thin chip is removed; this fouls the bearing. For this reason, the bear~ 
32 


ings should be subjected to running-in before they are set in the instrument. 
34 | 
36_|Checking the Moment of Friction in Ball Bearings 
3 


The moment of friction in “thrust™ bearings is checked on the setup depicted in 
40 


| 
eo! by a method of checking the moment of displacement, i. e., the moment nec- 
42 


—essary to displace the lever which is set on the bearing. 
44 

The setup consists of a pedestal (1) on which the beafing (2) which is being 
A6 


| 
_tIchecked is set. In the bearing is set an axle (3), to which is attached a lever (1) 
48 


50 


f 
Flom one end, the lever carries a cup (5) — is acted upon by a stream of air; on 


the other end is a counterpoise (6), to maintain equilibrium. The stream of air is 


released from the mains by gradually opening the valve (7), until the pressure of 


r S 
> j 
5 Set eee eee Nee cere e. -EngsS.A.Kondratyuks 


! 
{ 


—97- 


! 
t 
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Fige361 — Schematic Drawing of the Setup for Checking the Moment of 


Friction in Thrust Bearings. aeeennne by Eng. S.A.Kondratyuk 
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I ences eee 


Fig.362 ~ Setup for Checking the Moment of Friction in 











: 
: ~~ - ee 


~~ - 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 





Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


~— sw eee at ete amen te Be le yee ee ne owen Seen rr erret rene renee ~~ 
eee 8 ——e > 


the air issuing from the nozzle (9) overcdmes the moment of friction and makes the © 
er_(),) rotate,__At_that_moment,_ 2 load, aeitiantonienade 
4s calibrated directly in units of the moment of friction. 

The monent of friction in builtin béarings is checked on the setup depicted in 
Fig.362. This method of checking has beer adopted in ball-bearing factories and is 
salled checking by the angle of deviation 

The setup consists of an electric motor with reduction gear, which rotates the 


spindle (1) at a speed of 20 rpm. By means of a change-over mandrel, the bearing (2 


1 
ON 


is fitted tightly onto the spindle by means of the internal ring. By means of the 


fund 
oO 


__| spring-filled lathe dog (3), the pointer ‘4,) with the weight (5) is fitted to the 


outer ring of the ball bearing. ‘The pointer moves across the scale (6) which is 
divided into degrees. As the spindle is made to rotate, the pointer and weight are 


entrained by the outer ring of the bearing wmtil the moment of friction in the bear 


NSD 
On 


| 
ing balances the moment set up by the weight. The rotation of the ‘spindle may be 


RO 
oC 


reversed by means of the lever (7), which'permits checking the moment of friction in 


a 
2 
: 


oe 
© 


—!'both directions. 


oo 
) 


ao 
p>. 


If we know the magnitude of the weight G, the radius r at which it is placed, 
| 


and the angle of deviation a calculated from the pointer position on the scale, it 


wo 
ON 


is easy to determine the moment of friction 


Mey = Gr * Xe (18.3) 


© 


Lubrication of the Bearings 


ercry 


re 
Nn 


Tie 


When the rotor bearings are eeeeee a eerare lubricated, its operating surfaces 
rapidly, and when operating in a humid medium, corrosion takes place. When the 


| 
lubrication is excessive, the number of revolutions of the gyrowheel is reduced 


on on 
L c> 


—whenever the instrument operates at low temperatures (freezing weather), due to a 
6042 a 


eee 


oe rise in the viscosity of the oil ene lubricant thickens and increases the 


ep PS —— == 
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_J f riction) e 
2 
cial types_of_oil are_used. for lubricating the bearings. The -specific_gray= 


ity of the oil is 0.868 - 0.875. The pour point is -57°C. When t = 50°C, the vis- 
cosity is equal to 1.5 Engler. 

The oil should be clean and transparent. ‘Two or three drops of oil froma 
small eye-dropper are put on each bearing 


The felt stuffing boxes, installed into the bearings are soaked to saturation 
_lwith ofl. 


As research has shown, lubrication of ball bearings in the supports of the gim- 
18 


_|bal suspension increases the friction, especially at low temperatures. For this 
20 


reason, the use of lubricants for the supports of the gimbals is justified only by 
22 


the necessity of protecting the supports oe corrosione 
24 


26 
4c forces will increase the friction. 


7 A ball bearing installed in an instrument should be demagnetized, since magnet— 
“7 


Ball bearings which have been lubricated with oil should be kept in closed jars 
Before assembly, all parts of the bearing ‘are washed in gasoline and re-lubricated. 
The service life of the bearings of gyroscopic instruments is about 
320 - 350 hrs. 


34 


36 


42 


3 7. Assembly of the Unit 
40 
Let us discuss the assembly of the gyroscope unit, using the assembly of a gyro 
horizon as example (Fig.363). 
46 : 


The process of assembly starts with assembling the housing of the rotor (1) 
‘with plugs which close off the apertures in the external wall, apertures which are 


_'necessary for the nozzle cut-outs. 
50 


| 
The plugs are set into nitrocellulose adhesive; the adhesive mst be prevented 
j 


eson flowing into the nozzle epee A check is made by measuring the air con- 


om laksa ies the amount of air, according to technical specifications, is between 49 and 
56 Be aa la ae 
“I 
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unit wnen there is a pressure veriation of 90 mm Hg. 


he_housing.is_clamped.. eniwise_to_.a_rubber_gasket.—Th 
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Fig.363 - Overall View of a Gyro Horizon 
1 - Rotor housing; 2 - Cover; 3k : Axles; 5 - Rotor; 6 — Step bearing; 
7 - Balancing Screw; 8 — Cover; 9 7 Spring washer; 10 - Bearing cup; 
11 - Gaskets; 12 ~ Felt washer; 13 - Housing of stabilizer; 1, — Shut- 
ters; 15 — Shutter axles; 16 - Gaskets; 17 — Weight; 18 - Frame; 
19 — Axle; 20 — Bearing cup; 21 - - screw; 22 — Scale; 23 - Gaskets; ! 
2, - Frame plug . | 
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on and cleaned underneath, together with the rotor housing. The n p Po 
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3 | disk, and lapping 
: ping the lower end of the housing on a — cast-iron rotating ’ 
washed _in-gaso~ 
: _| the upper_end_on-a_cast—iron plate. After this, the housing-unit—ts- 
‘| line ani dried. 


4 ae ee ge - 


| —~Teseniiling the rotor housing (1) w a the cover (2) is done by the selective 
_\method. The cover should go into the h housing without any play, . should sua 

adjoin the ends. If a clear gap ig detected between the ends, additional " - 

necessary. Once they are selected, the rotor housing and the cover are marked , 
screws are backed off, and filed from the out— 
side bn. The air consumption is checked under 
the same conditions as 4n the preceding opera~ 
tion. Press fitting of the axle (3) of the ro- 
tor housing 53 done on a special device. Before 
press: fitting , the aperture and the air duct 
must be carefully cleaned and blown out with com 
seaietl air. The strength of the shrink fit is 
checked on a special device by applying a torque 
een =o of 25 | kg-cm; the axle should not revolve under 
the Strength of the Shrink Fit eae ae 


of the Rotor Axle Housing The device for checking the strength of 


40 


red 
rture by which it is cente 
liar (1) of the device has an ape 
a spring (3). The co 
42__ 


' Nez @ 


16 


4 & 


ted with the collar. In. checking, the ‘ong lever pivots to the support (6); it 
nec 


sets up the necessary torque 

—' stretches the spring (3) and through the short lever Pp | 
9 1 
on the collar. | 


rr SS AN EA? 
-—— 


~~ | 

_ the 
" The accuracy of the press fit - 4s checked with an indicator gage, by turning 3 
56 he wee eae a 
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SS ae ——— 
a 


er 
rotor housing on the base of the cone of the axle and the opposite aperture und 


3 vid not 
_\|the bearing.__The. indicator. gage, _placed_ Along the diameter of the_axle,—sho 
~ show a deviation of more than 0.015 m. Jf this is not the case, straightening is 
4 | of ——————5 consumption is checked un- 
3 required, with a subsequent check of the torque. The air consumption is check 


_\|der the same conditions as in the preceding operations. 
10 


Shrink fitting the axle (4) to the rotor (5) (Fige363) is done on a hand press; 
; 


° then the rotor is rolled on all sides in order to eliminate any eccentricity which 
14_1 


'might occur in the process of press fitting. The operation is done in the back cen- 
- hined 
ters which are generously lubricated with: grease. After the rotor has been mac 


f 
°e after 
ae the cones are checked through a magnifying glass which enlarges thirty times; 


this we proceed to balancing of the rotor 


29 
22 


294! Balancing the Rotor 


| 
26 | 


In the production of the rotor, some eccentricity relative to the axis of ro~- 


= tation is unavoidable; in assembling the rotor with the axle, this eccentricity may 

me increase still more, as a result of the eccentricity of the axle. itself. 

7 When the rotational speed is high, an unbalanced rotor causes considerable dy- 
| 

com namic reactions in the bearings and leads to early failure of the latter. 

36 


Apart from eccentricity, nonuniformity of the material also causes unbalance of 
3 


the rotore 
40 


When the rotor rotates, unbalance will cause vibration. Apart from improper 
42 


| 
_‘pbalance of the rotor itself, vibration may result from axial and radial wobble of 
44 


i i 3 palls, a skew in the bearing cups, 
_'the bearings, gaps, different diameters °F the ‘ 


| e e 
ser inaccuracy and roughness of the working surfaces , and the like. Axial wobble of the 
48 


1 
—supports causes a reciprocating motion of the rotor along its axis; this sets up dy- 
50 


as reactions in an axial direction. 
5 


Radial wobble causes dynamic reactions, just as a statically unbalanced rotor 
548 - 


cae A AL ' 
“laces, Radial gaps lead to a shift in the center of gravity. 
| ae 


orm 


or 
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: (Pilcmnschensnnasyhunic nspinpdinbabiin surfaces (out 

° of-true, granular racevweys .of.the ashdied hese tie Sebi tienda 

| surfaces of the rotor axle) lead to a shift of the geometric axis of the rotor and 
cause dynamic reactions. Dynamic reactiols may also result froma deformation in _ 


the rotor axle, a defect in the power supply for the gyroscope unit, a change in t 


perature conditions, and wear of the supports during operation. 
12 


The greatest dynamic reactions caused by improper balance of the rotor vary, in 
14 


_Ithe selected radial direction, in accordance with a harmonic lav. This basic dynam 
16 


ic reaction is superposed by oscillations, differing in amplitude, frequency, and 
18 


_| phase, which produced by the numerous ails mentioned above. 
20 


Balancing is divided into static balancing and dynamic balancinge meee bal 
22 


ancing is present when the rotor is not rotating; its aim is to bring the fotos into 
24 


indifferent equilibrium, relative to its axis of rotation. Static balancing is pre- 
sent in devices with bearings into which cs rotor is set. The bearings may be ball 
bearings (the same kind as in the instrument) or Imife bearings, which are used for 


_ta rotor with a pressed~steel axle. | 
32 


To determine unbalance in static balance, the rotor is inserted in the bearings 
34 ! 


—tof the device, and the working clearances ‘of these bearings are checked. An unbal~ 
i anced rotor will tip dowmard with that part of the rim on which there is an excess 
an material. For correction, a small plasticine ball is pressed on the upper part 
of the rim. The size of the ball is iia from calculations intended to bring 


| 
_'the rotor into a state of indifferent equilibrium. 


; 
After this, a hole is drilled into the rim of the gyrowheel in a spot opposite 
46 


| 
—the place where the ball was added. The . is so calculated that the reduction in 


es the moment of force due to the weight of the removed material corresponds to the mo-! 
| 


sot 
of ment set up by the weight of the cee ball. Then, after the ball has been re=— 


moved, the rotor is again placed into the device , and the balancing is checked; if 
i nee 


—there is insufficient equilibrium, the balancing is rechecked. It is important to 
56 Se Ne Nae eet 
a 
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0 e 
pe as few holes as possible on the rim df the rotor, since they increase the air 
7 * 
ion_on the rotor.———______ | ees 


“] Static balancing cannot fully diate unbalance of the rotor due to the mo- 
; ble to define the moment developed by unbalance of the rotor Mynh < M¢,- 

" Let us assume that the moment of friction Mr, in the bearings in which the ro- 

= tor was balanced is equal to 0.3 gmc 3 does not allow determination of the 

ot _iment of unbalance M,,} < 0.3 @cMe Let ‘us determine what eccentricity e the m- 
- ment of unbalance will correspond to if the weight of the gyrowheel is G = 500 gm, 
18 


. . 
~_«- - — _ -- _ * —— — =e = } 
- - 
20 ' 


M 0,3. 
M_=Ge<M,, whence e < Mi 30,0006 om cm. | (18.4) 


———————— — = _ | 
-- —-s _ - 
-_- 


| e 
When the rotor is rotating at a speed of 15,000 rpm, a dynamic load P will re- 


main on the bearings of the rotor. This load may be determined by the following 


3 (18.5) 


For our example we will obtain 7 


were ee ee eee eee eee oe Oe eee eee 
- - ~~ 


wee le ee ea ee ee 
—— —-— -e* on _-— - 


Pao -1570?- C008 = 108 qm. ! 


—_—— ee ewe —_~ _ - -_-eo — ees --~ -_ —— eo —— ee 
— 


In addition, by means of static balancing, we can balance the rotor relative to 
ts axle only in such a way that the centers of gravity of the two halves of the ro- 
or will generate the same moment with peenest to the axis of rotation, but will be 
ocated in different cross sections of the rotor. In this case, during the rotation 

48h moment is generated in the plane of the a of rotation, and this too will cause 
e ynamic reactions in the bearings. 

52 Dynamic balancing, realized while the rotor is rotating, permits us to balance | 
54 _44-dynamicallys—iIn-addition, -as a more sensitive: -method;-dynamic balancing-aliows 

56 _ spotting-of-unbalance-which--cannot- be detected -in-static-balancing-because-of th 


rn 
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Fig.365 — pepecd for Balancing 


The device for balancing (Fig.365) wondists of a frame (1) whose apertures con- 
tain two rods (2) on a single axis. The rods may be moved in an axial direction; 
this is necessary for setting the rotor and for regulating the clearance between the 
rotor axle and the bearings (3). After regulating, the rods are fixed by means of 


bearing when it is to be exchanged. When ee operation, the device is placed in the 


hands of the operator. The rotor in the device is made to rotate by an air jet or 


: the lathe dog (4) and the screw (5). The rod has knockout die (6) for removing the 


—by mechanical means. 


At first the rotor picks up a slight speeds; this is then increased to the speed 
30 


required by the technical conditions. if, at low speeds, the device begins to vi- 
= 


1 


| rate violently in the hands of the bpenator » the rotor is stopped, since a further 
, crease in speed may lead to destruction of the bearings. After the rotor is start 


56 ee eee tt 
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ed, the operator, holding the device in y hand, will feel the vibration. Then the 


lrotor_is stopped_and a_plasticine.ball_is_ pressed_on_the_end_of the-wheel rim, where 
‘hen greatest vibration occurs. 
| > sasting the rotor, the vilretion increases, the ball is moved along 
; the rim until a place is found where the ball will produce the least vibration. At 
= the same time the size of the ball is selected, 1. e-, the quantity of plasticine 
= which will produce the least vibration. "= the desired results are obtained on 


one end of the rim, the entire process is repeated in the same sequence on the other 

end of the rim. If, in balancing, an increase in vibration of the device at the op- 
_lposite end of the rotor is observed, eiliien balls mst be placed on both ends. 
When the vibrations are no longer felt, 


the rotor is removed from the device. 


| diametrically opposite to the ball, a 
hole is drilled, just as in static balance 


a ia lang. Finally the rotor is checked at a 
Fig.366 — Special Device for Pro- ! 


speed somewhat exceeding the operating 
tecting the Bearings from Falling | 


Chip in Drilling 


speed. 


| Then, on the opposite end, ina = 


Such balancing of the rotor is based 
on the subjective evaluation by the sia and depends to a large extent upon his 
ope and his ability to detect instgntiant vibrations. In addition, the pr 
es cedure is laborious, since the balls are ei on by guess work at first; the place 
selected for attaching the ball can be defined as “incorrect™ only after the rotor 
has been started. ) 


° 


a If their axles are elliptical or if they have unevenly milled holes, some ro- 
| 
; —tors do not, in general, yield to balancing. For this reason the axles of a rotor, | 


= well as the rotor itself, mst satisfy ‘stiff requirements as to accuracy in their 


YN nS ey ee el 
56 executione — | i 
= | | 

| 
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= 
ee 


| 0 ) 7 7 e 2 
; In balancing a rotor, smoothness of r" bearings is highly important. After 
2 
_l several rotors have. been-balanced,. the 
"4 


_bearings-are washed.-and_lubricated-with-oil.— 
The axle cones are rubbed with cotton ea , then with tissue papere Clamping the 


renee LT Sa a a re 
_| axles when regulating the clearance is ney allowed. After balancing, the cones of 
8 


the rotor axle are examined and polished. 
10 


To eliminate the possibility of chip: dropping into the bearing, a special de- 
12 


vice is used with the drilling machine; it consists of a fixture, an oil filter, and 


a vacuum pump. A diagram of such an ar 
- : wedders _ = rangement is shown in Fige366. 
——— - Ao . | ‘ 
| The end of the spindle of the drill- 
= | | 
| 
0 
2 


1 
1 
J 
‘ing machine is mounted to hollow casing (1 
2 


| 

le the fixture, in which the movable col~ 
i 
{ 


‘lar (2) slides. The drill (3), attached 


2 
ys 
oe : ae spring (4) forces the collar against the 


4 
6 
8 
0 
2 
24 
6 
3 
3 
3 
3 


rotor, thus reducing the excess clearance. Through the socket (5), a hose is con- 
"34 


- 


—" the oil filter (10). The air, passing through the chamber (8) with its oil and 


aie _ _ Ito the spindle of the machine, passes 
- Setup for 
pager ree ene se the inside of the collar. The 
nected to the hollow cylinder; the other oe 4g connected with the receiving stud (6 


strainers (9), is cleaned of chips and dust. The vacuum pump (11) is connected to 


Fee outlet tube (7) of the oil filter. The vacuum pump is started simultaneously 
4 


2 4 
oe the machine, and all the chip and metal dust is sucked from under the drill in- 
Ab 


—'to the oil filter. For static and dynamic balancing, a special setup is used; a di- 
46 


agram of it is shown in Fige367. The setup consists of a frame (1) which is able to 
48 


—rotate on a pivot about the axis OX. 
50 
In the vertical position, i. e-, ina position of equilibrium, the frame is 
52 
—Ffixed by two springs (2). The lower end of the frame is connected with a mirror (5) 
Be 


ous ee RS ee ee 
~“- ~ se 
— 
' 
| 


—through a lever (3) and a rod (4). Turning of the frame about the axis OX causes 
56_1 pee ee pie tes 


oe — 
a 
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ae 
ae 
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- mirror to turn. When an unbalanced én rotates, it will set up a moment about 
2 


he axis OX, a_moment_which_t rill_change_in_value_and_ direction-with-a-period—equal— 


_!to the period of rotation of the rotor. hs the same time it will cause swinging of 


the frame, and consequently ly of the mirror! 


8 


a 9 ee 


Fig.368 —- Diagram of the Setup for 
Balancing the Gyroscope Rotors by 
the Method of Acad. AN Krylov 


42 


44 


46 


—iuseful only for determining the amount of anbalanes from the length of the diffuse 
48 


track of the light spot. 
50 


5 
—lexcess or a deficiency of mass. 


eran 


pe sce in 


98 
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joa the lamp (6) will be reflected from 
ex with the period of rotation of the 
‘rotor , so that the phenomenon of resonance 
; | 


At present, , balancing machines are used which permit not 


Boa ee ce Sag a we 
A ray of light incident on the mirror 
t and, in the form of a pinpoint of light, 


- fall on the frosted~glass scale (7). 
ve the mirror oscillates, the light spot 


will change into a line. For high sensi- 
tis of the setup, the period of oscil- 


Yations of the swing system should coin~ 


‘occurse 


To determine the dynamic unbalance, 
the rotor is fastened in the frame in the 


| 


‘position (a) since, in this position, the 
aeant of the forces of unbalance acts on 
Lis springs alternately in both directions} 
| To determine the static: unbalance, 


the rotor is attached in the frame in the 


position (b); in this position, the iiss unbalance will not be noticeable. The 
—'palancing principle is the same as in the het ai (a). It is impossible to define 


—the spots which have an excess or a ee of mass on this setup. The device is 


—only a determination of the amount of equilibriun, but also the spo 


ts which have an 
renin 
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Setup for Balancing a Rotor by the Direct Measuring Method 


eer 


=e ee 
This method of balancing rotors was first reported by Academician A.N.Krylov in 
apap ceacessncocnteniennceestied 
5 


The setup for balancing the rotor is sham schematically in Fig.368. The end 


° 
face of the rotor (1) is marked with two black dots (2) staggered at a 90° angle. 
| 
i the flexible 
Oscillations due to reactions in the supports are transmitted through 


system to the pickups (3). In the ptokups , whose principle of action is based on 


when the permanent magnet in this coil is|shifted. The frequency of this enf is 


10 
12 
14 
16 
18 
20 


i excitation of an electromotive force in the turns of the coil, an emf is induced 


equal to the oscillation frequency of the|supports, and its amplitude is proportion- 
99 |al to the amount of the reactionSe 
24 Across the integrating circuit (}) = the amplifier (5), the emf induced in 
.26_\the pickup is fed to the vertical — disks (6) of the oscillograph tube (6a). 
99.!To determine the oscillations of the supports from the time or from the angular po- 
39__|sition of the rotor wt, voltage from the special generator (8) is supplied to the 
39_1 horizontal scanning disks (7) of the oscillograph tube. On the screen of the Seoer | 
34__|lograph tube we will obtain a sinusoidal curve whose amplitude will characterize the 
36 lamount of unbalance. The sinusoid is obtained on filtering the a a oscilla-~ 
3 tions of higher harmonics. 
40 The position of the unbalance is determined in the following manners A ray of 
42 \light, reflected from the end face of the ote “arp its black marks (2), is direct 
44.lonto the photoelectric ell (9). The light oscillations, transformed into electric 
s<—letgaals, pass through the electronic amplifier (10) onto the screen (11) of the os- 
4§_\cillosgraph tube. | 
50 These signals will stop the flow of — (a) at the instant when one of 
52—the black mark enters the field of the photocell. 
bi ace iake ee toe one turn of the ster , the screen of the oscillograph-will-— 
fe ve_a_sinusoidel curve-with two-small- gaps. ————__ -—__———_-- 


$ 


| 
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The position of the gaps on the curved cherecterizes the distribution of the 


_on the rotor_and the_direction of- the. wbalance.—  ——_—_$__—__—_—$ 


sal 


The ordinates y, and y2 will coincide with the components of unbalance along di. 
rs 
ameters drawn through the marks on the = of the rotor. 
The direct measuring method gs the most nearly perfect and the most progressive 
we 


method, in comparison with all others. 
12 18 


_ Assembling the Rotor Case with te Cover and the Step-—Bearing Housing 


| 
The housing of the step bearing (6) (Fig.363) should move in the aperture with- 


6 

od friction produced by the spring washer. The fit of the step-bearing housing in 
sa the rotor case corresponds, according to ne blueprint, to a sliding fit of Class 2 
22 
24 
26 
25 


accuracy. The aperture has a tolerance of +0.023 mm; the shaft has a tolerance of 
-O0.01, mm. The maximum clearance possible is 0.037 m, but according to technical 
specifications it is limited to within 0.02 mn. The 0.02 mm clearance ray be ob- 


tained in two waySe 
a When the first method is used, the manufacturing accuracy 4s considerably in- 


creased as a result of the fact that the class of accuracy of the fit is raised; how- 
1 
ever, this makes production considerably more expensive and requires more accurate 


equipment. With a method such as this, machining the parts becomes uneconomical and 
3 

‘even unfeasible with the equipment we now |; | Vo 
40 

The second method retains the greater tolerance as economically acseptable for 
4 | 

production, but in this case selective assembly must be used. Selective assembly 


44, 
ler be done by direct selection or by preliminary sorting of the parts 3nto groups. 


4 
° In subsequent operations, the balancing screw (7) is screwed into the rotor 
4 

; case with shellac and is safetied with une nut (8); then the guide pin is shrink- 
_leitted and the spring gasket (9), lubricated with oil, 4s inserted (Fige363). 


Checking the quality of the assembly is done by exerting finger pressure on the 
4 ee eet 
~pe ousing of the step bearing; under the effect of the spring, the housing should move 


wat ar | ee 


Re STAT 
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a 


1 _\Press-Fitting the Bearings 


BN bape at ee 
Z The bearing is taken apart end washed. Then a check is made to see if the be 
_|ing cup (10) (Fig.363) goes into the aperture. Under hand pressure, the cup should 
10 

_ go into the aperture to é - é of its length. If the above conditions are observed 


ta the cup does not fit into the aperture, it is reamed to the necessary size. Aft- 


14] 
_ler this, the gasket impregnated with MVP oil is put in its socket. Press-fitting 
16 


the cup may be done by hand, with Jight blows by a watch hammer, or else on a presse 
18 


After this, the press fit of the cupjis checked for end wobble. Permissible 


20_ 
aes 43 0.015 mm. After scavenging the jcup with dry filtered air, we proceed to 
22 


assembling and lubricating the bearing. fo keep the bearing from becoming fouled in 


; 
the process of assembly, tissue paper 43 placed under the washer of the bearing. 
26 


Press-fitting of all the other bearings 4s done by the same method. In press 
fitting the upper bearing, it is impermissible to increase the diameter of the hous— 


30 
a of the step bearing. This housing should move freely; the permissible clearance 
32 


4g not more than 0.02 m. | 
34. | 
36_\Final Assembly of the Gyro Unit 


: 
The gaskets (Fig.363) and the elastic washer (9) are placed into the cover (2) 
40) . : 
pe the housing. Then the felt washers (12), impregnated with oil, are set in the 
A2_ ; 


_ housing of the step bearing (6); after this, the step bearing is set in the cover of 
44 


_tthe housing. A gasket, lubricated with oil, is also put on each bearing. After 
£6 


this, the rotor (5) with its axle (4) is inserted in the housing (1). The axial 
48 


— is regulated by the gaskets (11), and is set within the limits of 0.04 - 
50 
—0.07 mm. The amount of clearance is stipulated , on the one hand, by the requirement: 


5 { 


| 
—of keeping the shift in center of gravity to a minimum and on the other hand by the 


54 _| I a Nea are ee 
=! 


—hecessity of assuring normal cperation of the instrument at subzero temperatures. | 
56 ts ae be ete 
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: the amount of axial clearance 


ator gagee 
2 


-_ ed 


er the lever (3). The coun- 
means of the counterpoise (2) which acts qn the rotor ov 


a 
| ot the rmined from 
_ cme is lowered and raised, so that the axial clearance can be ee 


Fig.369 ~ Device for Checking Axial Clearance 


cal 
observation of the pointer. After the axial clearance agrees with the technical 


‘specifications for the unit, the following points are checked: 


i he limits of 46 - 54 ltr/min at a 
1. Air consumption, which should be ee t 


=|pressure of 90 mm Hge 


3 


: j year’s ty of balancing are 
_trotor at each hole. By this method, ‘the bearing and the quality 
t 


a 


—~regulatede 
44 


essure of 80 um Hg it should run smoothly, without impact or vibrations. 
pr 


| 
i. The rotor run—cut ; regulated by checking the rotor travel at inertia. The 
50 


. Technical conditions have estab— 
—rotor is run for 5 min at a pressure of 70 mn Hg 
52 


' . oO 
—'j4shed the inertia run-out of a rotor at a temperature of 18 - 20°C as lasting not 
54 


oe ee ame oem wees © ae 


—— ee ee liane hat Tee 


less than 8 min and not more than 22 mine An upper Limit 


s set because a high rm 
ee 
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travel of a rotor at subzero tem~ 
2 


= i means a large clearance. The normal inertia 


_tperatures_is estimated_at_2_-2.5_min 
4 ‘ 
After inspection, the rotor is ee and the working parts of the bear~ 


6 
ao are examined under a a magnifyiny 


tes is allowed. In checking the rotor, it is measured with a standard caliper. 


10 
= rotor which meets all requirements is nent and is checked a second time in 
12 


the same sequence (on the first four points). 
Measuring the Rotational Speed of the Rotor Rotational Speed of the Rotor 


The rotational speed of the rotor a be measured with a stroboscope (Fig.370). 


The stroboscope is a disk (3) which revolves rapidly at constant speed; its rotation 


al speed can be measured with a a (,)e A mark (2), in the form of a spiral 
26 : - 
Fige370 = po 
is made on the rotor (1). If the rotor rotates evenly at n revolutions per minute, 


| e 
while observing the rotor through the slots in the rotating disk, the rotation- 


al speed of the disk can be so regulated i the mark on the rotor will seem sta- 
Sic Evidently, this will be the case only if the rpm of the rotor is equal to 
43_— {" a mitiple of the frequency of its shaban in the slots in the stroboscope 
a diske 


If the number of slots is P, we will have the relation 
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where N is the rpm of the stroboscops dis 


k_is_any. whole. number_indicating how many full revolutions _the-rotor has_com— 


pleted in the time between two consecutive appearances in the slots of the 


stroboscops disk. - 


ee 

| 

It is clear that, by merely calculating N, it is impossible to determine the | 
' 


number of revolutions n of the rotor, since the value of k is unimown. For this r 
son, the rotational speed of the disk is increased or diminished until the marks | 
the rotor again seem stationary under observation through the slots. This will oc- | 
cur when the number k is decreased or increased by one unit. Arter defining, from 


the tachometer pointer, the corresponding [rotational speed N, of the disk we will 


obtain ; 
7 oe (RT), : (18.7) 


= 7 


3 


Excluding k from these two equations | we will obtain 


e ~ 1 


n 


——— (ie ee See 


_ oN o 


3&8—8, Assembly of the Damping Unit. 


40 
4 The faces of the stabilizer housing (13) (Fig.363) on which the flaps (1,) will 
42 


| 
7 e installed should be lapped for greater surface smoothness and evenness. To ob= 
£4 


pee a good hermetic seal, the upper end the housing is also lapped. The flaps 
46 


_are weighed and paired; according to technical specifications the difference in 
4§ 


—weight in one pair should not exceed 20 mg Different weights lead to the displace- 


| 
wpe cc the center of gravity of the pair of flaps, making it impossible to install | 
5 


4 he flaps symetrically along une openings. Assembling the flap axles (15) with the | 


ee ee ee ee ee ee Ceo en ee ee 


ee ee et ae Oe SS 


oa is done by the fitting ‘method, since at is important that a small radial 


us. 














ee oe ee nd ee pe wre Cote et ee meee 





Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/28 : CIA-RDP81-01043R002700120001-4 


— of 0.05 to 0.03 mm is left, sich is difficult to obtain by the full inte 
2 


| 


~Ichangeability_msthed. The aperturein the dampar_housing-is reamed_until the-proper- 
; surface smoothness end the required said are obtained. The clearence is check 
iy Getting the Sala of a Hap in the apastire. Isoodbling the Flape wth their axe 
4s done in the following manner: The flap is shrink-fitted on one end of the axle. 
In doing this, bending of the axle mst be avoid— 
ed. The end of the axle should protrude 1-2 mm 
fee cat , from the flap. ‘Then the gasket (16), 0.13 m in 
thickness, is put on; after this, the axle is in- 
troduced into the aperture in the housing. On th 
other she the same kind of gasket is put on and 
the aad shutter is shrink-fitted. Plates of 
0.13 - thickness are placed under the ends of the 
flaps. the flaps are levelled and the required 
eel axial clearance (0.01 ~ 0.025 mm) is established. 
The cleerance between the flap and the hous— 
— ing ee be preserved along the entire length 
f the flap, no matter what position the damper is in. Then the overlap of the flap 
ver the openings is checked. When the damper housing is suspended in a horizontal 


3 
—plane, the flaps should half overlap the openings. After the flaps are installed, 
40__ 
hey are soldered to the axle. The stnenath of the soldering is checked for torque 
42 


| 
—which, according to the technical Spee cee » should be not less than 1 Reames 
ft 


ter final assembly of the unit, the overlay of the openings, the radial and axial 
learances, and the clearances and friction in the flap supports are all checked ac- 


ording to the technical specifications. | ‘ | 
Accuracy in the vertical installation of the flap determines the accuracy of the 


strument operation. Friction in a flap axis of rotation causes an angle of stag- 


—_— — eee ee a ES TL LRP Sei ett: 
—_ 


scat 
ations As is seen in Fig.371, the flap misses reaching the vertical by an angle a, 
Se ee ee 


ec ee 
_| 
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tion Purse 
4 | ; a 
6 . Plsina=Ppr er siname= To 
! ~= 


— — ~ 
=o ae or — 
= —) 


fric- 
: _lat which the moment ‘of the force co of gr gravi y Pt sina balances the moment of fr ae 
2 


1 4s the distance between the te of gravity and the axis of rotation of 
the flap. . 


The dimensions r and 1 are indicated by the designer so that the technologist 


l 


(Since the angle is small, we treat sin « . equal to a). Consequently, the angle 
stagnation due to friction in the flap a will be expressed as 


. | 
\ <<. Se | " (18.10) 
' st l 9 
| ae “er ae. aed 
there !! is the coefficient of friction in ee axis of rotation of the ‘flaps 
r is the radius of the aperture in the flap; 


28 


WI 
a reduce the angle of stagnation of the iflap, chiefly by decroasing the coefficien 


of friction », which depends on the smoothness of machining of the friction surfaces 
30 


_\t9 reduce the force of friction F in assembly, the necessary clearance should be es— 
32 


tablished not only in the radial direction but also in the axial direction. In ad- 
3 


| 
Hi we mst see to it that the aperture and the axle of the flaps are correct in 
36 


form, so that there is contact along the largest possible surface area. If, in as- 
3 


senbly, the axle of the flaps is bent, incorrect positioning of the axle in the be 
3 
40 

ing and rubbing at various points will result. 
es 
44_19, Assembly of Gyroscopic Instruments | 


. | Let us examine the general problem of assembly, as before, with the assembly of 


| 
se single gyroscopic instrument, namely the gyro horizon ae as typical | 
{ 
! 

example. — 
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0 la eee 
_| Balancing the oscope Unit (vith D 


2 
















ae ac ee ee 
4 Balancing a gyro unit is done to indifferent equilibrium within the limits of 
6 _|the_angle_of_svwing_of the_pendulum flaps. _The balencing is_done_in_two ste 


first in the vertical plane and the second in the horizontal). 


16 
18 ou 
20 


22 


-_—- es 
— 








ee : ee : 
. Fig.372 - Device for — the Gyro Unit in the 


| 


Vertical Plane 


40 By balancing in the vertical plane, _ center of gravity of the unit is shift—| 
_led to the vertical plane which passes through the axis of rotation of the rotor cas! 
‘_ling. This operation is done on a special — (Fig.372) in which the gyro unit is 
Se in the bearing. The bearing (1) sai connected with the axle of the rotor cas- 
ing, and the bearing of this casing is connected with the axle (2). Rotation in 7 
i should be regulated to compensate axial movement of the rod (3), so as to 
pm free rotation of the gyro unit ‘eiaih noticeable radial play. After this 
panting tm os fastened by means of the nut (4,).— The regulating screws 5)-1 


| 


56_|\sneck-the-device-so-that-the axis of ee of the gyro unit-is-horizontals—————~ 


ee ee eee ee 
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0 


To obtain the necessary balance, small pieces of lead are cut off the balancing 
2 


_iweiphts which are. fastened_on -both_sides_of_the _rotor_casing_(1).(Fig.363).—The——_— 
as “| exroszope esceby A brow assembly is brought to a position at which the pendulum flaps (1) half 
overlap the slots in the Se SE er housing (13). 
Balancing in the horizontal plane is done after the gyro unit has been balanced 


in the vertical plane, i. e., when the center of gravity is already located in the 


may still be located above or below this s. This balancing mist mke the center 
of gravity coincide with the axis of sles of the rotor casing. The gyro unit 
_|should be located in an indifferent position within the limits of the angle of swing 
of the pendulum flaps. The operation is done on the same device, by moving the 


weight (17) T+2.363) along the balancing sorew (7) until the gyro unit, within the 


z plane which passes through the axis of rotation of the rotor casing, but 


limits of the angle of swing of the ade flaps, will remain in any of the preset 
“1 
“ Speers 


In the process of balancing, the gyroscope assembly may occupy various 
) Pea positions. . | 
1. The gyroscope assembly remains in the extreme position of inclination when 
- it is tilted to one side, and returns ees such inclination, moving to a horizontal 
36 


— position, when it is tilted to the opposite side. 
3 


Reason: One weight, attached on one side, is heavier than the opposite one. 
40 


| 
As a remedy, this part of the weight is cut off. 
42 


| 
2. The gyroscope assembly remains in the extreme positions of inclination and 
44 


'moves to these positions when the angles 7 deviation from the vertical are small. 
46 

Reason: The center of gravity is located above the axis of rotations; the bal- 
4§ 


—ancing washers — the weight (17) (Fig.363) - are too high. The weight must be low~ | 


50 | i 


—ered or, if this is not enough, the number of washers mst be reduced. 


220 
. 3. The gyroscope assembly leaves the inclined position and occupies a vertical 
54 er = aa 


—_——_ ee 


i Baer near—vertical position. 


sa 





ae Aenea == 3 we ee wee 
= —- Ne el PRS ETT hag He ete SO Oe me IO OS 
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TENCS 0) ee pene eee ge ee, ems ; 2 
: Reason: The center of gravity is located below the axis of rotation. The bel~ 
2 
— ani 


neing washers _(17)_must_be_raised_or_the umber increased, _-__—— 
4 


The balancing is considered complete|as soon as the gyroscops aggregate remains 
6 


re any preset position, within the limitslof the angle of swing of the pendulum 


coated with black spirit varnish. 


oe | 
After the weight is balancedg the screw heads and the balancing washers are 
_| Assembling the Frame with the Parts 


| 
| 


The axle (19) and the bearing cup (20) are press-fitted in the frame (18), and 
weights are screwed in. The conditions for shrink-fitting are the sams as in 


= 


a 


—_— + 


Fige373 - Device for Balancing the Gimbal Unit in the 


Vertical Plane 


——" preceding units. After the frame has = assembled with all parts, it is bal- 
| 
hia on the device shown in Fig.373. In design, this device is analogous to the 
| 
54_'device-depicted~in-Fig.372, except that it is somewhat larger in size and has-a-duct: 


06_lin-the-rod—for—supply ing: air in-the process of regulating.-~-{A description of the 
58 
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2 


4 
“| stom this is done by cutting down the balencing weights. 


6 


10 


12 


14 


16 


18 


regulating process is given below.) The process of reer the frems consists in 


bringing it to a state of indifferent eq Libri Sth respect to the axis of rota-_ 


Assembling the Gyroscops Unit with the Fram 


In assembly, the friction and clearances 3n the axles of the gimbals should be 
such that, when the gyroscope unit 3s inclined to the limit operating angle, the nui 
ber of free semioscillations of the gyroscops unit will not be less than four and 


not more than sevene For this, the framejis set in a horizontal position. A lower 


number of oscillations signifies that the|clearance is too smill, i. e., the axle 


22 
24 
26 
28 
30 
32 
34 
36 
40 


42 


46 
50 
5 


54... 


56 


screw (21) (Fig.363) has been firmly tightened. If, in checking, it is found that 
the clearance is normal but the number of oscillations is jess than four, this sig- 
nifies that the moment of friction is too|high. The pitching scale (22) is mounted 
in such a way that the zero division of the scale coincides with the center of the 


axis of the immature airplane. 


Balancing the Gimbal Unit 


Balancing the gimbal unit consists | bringing it to a state of indifferent in- 


equilibrium about the axis of rotation of |the frame, within the limits of the angle 
of swing of the pendulum flaps of the damper. ans balancing is done by shifting the 
gyroscope unit along its axis of rotation; changing the total thiclmess of the gas- 
kets (23) (Fige363) under the frame plug (2h eo 

For the balancing, a device (Fig.373) with ball bearings which have normal 
operating clearances is used. 

The frame as the gyroscope unit are given different angles of inclination, | 
while observing the behavior of the unit.| When the device is tapped with a wooden | 


mallet, a correctly balanced unit will not alter the position it has been given 


a within the limits of the angle of swing of the pendulum flaps. 
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When the unit rotates spontaneously, Ithe direction of this rotation mist be de- 
ed_from the angle of deviations this demonstrates the necessity of decreasing — 
and increasing the total thickness of the |gaskets under the frame plug. 










Re ting the Instrument 
10 
a Regulating an instrument consists in |checking the correct assembly of a sensi- 
" tive part of the instrument and dete g whether its characteristics correspond 
Z to the technical conditions, 
" In checking, the following technical jrequirements and conditions mst be ob- 
—| served s 
20 
“ The time it takes for the miniature airplane to right itself should be not 
si more than 2.5 min at normal temperature. 
. 2. The instrument angle of stagnation should not exceed +1 mm at normal ten 
i perature. A check is made no sooner than {5 min after the feed has been connected by 
sas tilting the gyroscope to the right, to the left, upward, and downward; in this obse | 


vation, the ‘amount by which the airplane image misses reaching normal position is 
established. The error is determined for eaeh individual case. 

3. The “speed at which the gyro ite the displaced state can be checked no 
sooner than & min after it has started operating. The gyroscope unit is deflected 


by an angle of 30° upward and downward, and then to the right and to the left. The 


4 


wo. 


= it takes for the miniature airplane to right itself from any 30° deflection 
should not exceed 6 min. The difference in time required for it to right itself up- 
yard and dowmward, or to the right and left, should not exceed 2 min. 


46 
es For regulating an instrument, a device (Fig.373) mounted on a rotary table is 
gq jused+ The horizontal position of the axis xx is checked with a level. Air at a 


pressure of 90 nm Hg.is supplied to the device through the aperture in the rod. A 





STAT 
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Checking Stagnation in the Instrument 


12 


Friction in the gimbal bearing and in the axles of the pendulous vanes will 
14 


_lhave an effect upon stagnation in the instrument. Let us examine the angle of stag-| 
16 ; 
nation due to friction in the gimbal ‘bearings. 
18 


a The moment of friction M,, in the al bearings always acts in a direction 
20 


opposite to that of the motion, and recovery will take place in the rotor axle until 
22 


the correcting moment M, gies and the moment of friction Mp, are in equilibrium and 
24 


the rate of precession returns to zero: 
26 


28 Meo —M r—(), 
IR 


A 
| i (18.11) 
30 Se see oS 

32 The restoring moment of the air jet, which depends on the extent to which the 


34_laperture is open, is directly proportional to the angle of aperture of the flaps 


(18.12) 


here M, is the maximum restoring moment of the jet when the vere is fully open; 
a, is the angle of deviation of the flap, correspomiing to a fully open 
aperture; 
& is the angle of deviation of the flap, depending on the degree of opening 
of the aperture. 


Stagnation will occur when 
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(18.14). 


. te owe F 
ses 


The angle of stagnation due to friction in the axles of ‘the flaps was deter 
mined by examining the assembly of the damper housing. It is expressed by 


pee ee ge 
Xs. 
; f 


e 


oe S24 2 -% a: us Sa Pe eee 
Let us determine the value of the angle of stagnation, proceeding from the fol- 
lowing quantities. Friction in the gimbal bearings Mp.. = O.), gmcme 
The maximum restoring moment is Mi 71305 gi-cm. 


The angle of deviation of the flap, corresponding to a fully open aperture is 
© 9 © 
ae = 265 _e 
The coefficient of friction in the axis of rotation of the flap is n= 0.1. 


The radius of a flap axle is r = 0.5 Imm. 


The distance between the center of gravity of a flap and its axis of rotation 


Mary 045 5 
He 80 = 3g 15 = 0,29", 


i 


a sy.) a = 0,0067 rad .=0,38°. | 
| 


é ’ 


2 st .max = st, +o .. = 0,29 -+- 0,38 = 0,67°. _ 
The rotor axle may miss reaching the : ertical by this angle. This corresponds 
| : 
o the linear value of 0.42 mm on the AGP scale for a 1 mm tolerance for the angle 


of stagnation. 





- 
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$$$ 
Checlcing the Instrument for Return of the ‘Gyroscops from a Dip 


ao 


—— 


4_| It is generally knowm that the tims - it takes to return from a 30° tilt should 
(TI lie between _the limits of 2 - 6 min. _ The difference in time_required for the minien 
g_iture airplane to right itself upward and 5 dla or to the right ‘and left, should 
10-_Inot exceed 2 min. 


12 ' The rate of precession © depends a the correcting moment M,,., set up by the 


14_/}reaction of the air jets 


- o — Meow | | | (18.15) 


-_ ——s + - * - — - 7- ~ . - - - - =-- - 


The reaction of the air Jets varies within the limits of a 2. 5° angle from the 
92_\vertical position to full opening of the aperture. Beyond the limits of this angle, 
24 ithe correcting moment will preserve a constant value so that the rate of precession 
96 _'will also be constant and the angle of righting in this interval will be expressed 
28tby the formula 
. | (18.16) 
es ——_— . i. So 
34__ A different righting time t at the same angle of tilt, which is 30°, will sig- 
36_Inify that cies are different festoring moments Moone This may be expressed by the 


3 elationship 


ail 
It is necessary that t, =~ to, within the limits of the tolerance. 
A different rate of precession is explained by different moments of the reac- 
ive jets; these may occur as a result of uneven distribution of the nozzles, dif- | 
ferent size nozzles, surface roughness, different clearances between the damper | 


a ousing and the flaps, and the like. ! 


7 When the parts are accurately executed and the assembling is correctly done, 
56 i Nae Pea Nae Sees oe ieee 
se] | 


—_—* 
—_—s —_— «ar 


meen ee 
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| 1 ilt lies | 
: the difference in the time it takes the — to rignt itself after a tilt 
j es 
; _lutthin the tolerances -stipulated-in-the sles aneve t ig stntn rr 
4 


t lie 
where the difference in the tims 44 takesithe gyroscope to right jtself does no 
6 


a 
j defect 
within the limits of the tolerance, the following method of eliminating this 


8 


z * X— 
a be used under workshop conditions. If the rate of precession ws. on one end e 


1 


be 
7 ence a the time of precession exceeds 2 min, then the rate of precession can 


as a 
compensated by adding a weight to the frame; the weight is so calculated that, 
16 


result of the momete of inequilibrium, it will equalize the rates of precession. 
18 


Rather than adding a weignt, ae , this amount is cut off from the opposite side. 
20. 


The moments Hoorr 1 and x cee 22 set up the rates of precession % and W9; since 
is less than Wo, Moorr 1 < Morr 2° When the weight on the frame is cut to the 
"1 


ded 
extent of P, the frame is unbalanced to the extent of the moment Pt which is ad 


to Moorr 1° | 
= As the axle of the gyroscops approaches the vertical, this moment Pl will re- 
30 


main and will set up a precession which ¥ sncline the axis of the gyroscope; the 
22] 


+ vantature airplane will be tilted giseadn’ an angle of 4. Once the rates of preces— 
34 


Be 
sion are equalized, egetiier error will occur, @ tilt of the miniature airplan 


toni tilt is eliminated by soldering tih on the faaps. The small weight of this 


a 
solder will change the position of the flap and will return the aircraft image ve 
40 


horizontal position. But in this case the system becomes unbalanced. Because of 
42 


> 


| 
of eliminating this defect cannot be considered correct. To avoid the possibility 
46 


of a defect involving the difference in the time it takes the gyroscope to right “| 
48 


self, the required accuracy in the execution of parts and in assembly mist be stric : 
3 
50 


5 


54 
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0 


Errors Due to Incouilibrium in the Gimbal! Rings 
2 | 
ee eh eee 
‘ | If the center of gravity of a fram \* of a rotor casing) is shifted and a m- 
ment_of unbalance 


oH acting about .the_ axle_is. created, _the rotor casing (or the 
q frame) mst be made to precess until the correcting moment Mn» increasing as a 
4 of this inclination, compares ia tile moment of unbalance M,,)- 


As a result, the unbalance in the frame will cause the casing to deflect 


12) ne an angle 6, which is determined from the condition of unbalance 


eee 
18 i. - - + -- - - - - = c = 
20 _ 
Me 
22 I 
| a5, testes ee eae 
24 : 
whence : 
26 wseniets ne ; setae eS 
! | 
28 bt 
“ 


By analogy, if the casing is unbalanced to the extent of Minp, the frame will 
2 . 


deviate by an angle of. 
34 


36 i 7 (18.19) 


—— poh a ed 
—— oy - wwe wee ae a - 


If one of the moments M nb 1 oF M nb 2 is greater than Hi there can be no 
40 


equilibrium and the rotor will be tlocked", since the correcting moment will not be 
42 


| 
_lable to equalize the moment of unbalance and the precession will not cease. 
Errors Due to Oscillation of the a Vanes 


The period of natural oscillation of the flaps is 
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0 ————______, 
here | /—™ a is the moment of the pendu 


um inertia relative to the axis of swing; 


— 


—____m.is the mass .orf_the. shanks ‘ 
A _ |}. 
es a 


- = £ is the distance between the center of gravity and the axis of swing; 


ES SS ND 


l is the length of a flap. 


Taking | = 20 and substituting the aoe values, we will obtain 


oiowe.cal Bere, se 


T=2n_, {§ ——— =2r 21 _ 9 = =0,23 sec. 
y me 3g 3-981 


~~ =- —_ —— 


oe 


_ _—-—, 


—_ | —_— — - —— ee ee ee 


Under the action of the correcting moment » the rotor axle will oscillate just 
| 
_(a3 the flap does, with the sams period of 0.23 sec. 


| T 
Let us find the amplitude of these oscillations 9 = 4, 3» on the supposition 


that one aperture is fully open in the first half of the period and that the rate of 


‘precession is constanty, = const = 6°/min. Substituting the numerical values, we 


will get 


ee ee ee ee —— 


‘= __. T __ 2.0,28 ere 
: $= 00 = Coa = 0,0115°. | 
pene ok 1 nee eee 


——a 


-_—_ —_ 


In comparison with the 1 mm éSlevance for the oscillation of the aircraft image 
the error is insignificant; in reality it will be still smaller since, at First ; the 


aperture will be partialiy open and since, in calculating, we have assumed that the 
ate of precession will be at the maximum for the entire time. 


42_Errors Due to Leaka 


The assembled instrument should be hermetically sealed; this ensures reliabil~ 


| 
ty in operation. Jets of air which penetrate inside the instrument when the her 


—metic seal is not tight will set up moments of external forces which will cancel the 


ccuracy of the instrument readings. The ) ermetic seal is checked by producing a 


ssure of 500 mm water colum in the instrument, after which the hose is clamped 
aes | BR See ere 


66 Pot" The time it takes for the pressure to drop to zero should be not less than 
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20 sec. 
4 
Hermetic seal-is ensured. bys——-~— a 


a) Using castings without blowholes _— cracks; 


—_ ——— rec 
- —_ ——- - 


te 


b) Care in machining the contact faces of the parts; 


c) Lubricating the spots where the La are joined, with a special lubricant; 
d) Installing some parts with gaskets or adhesives. 
: 


Dimensional Analysis Analysis 


placed on dimensional analysis in planning the processes of their assembly; such an 
analysis permits a more correct solution of 
the problems of selecting the most rational 
methods of assembly. 


| —_ 
t All this can be demonstrated on the ex- 


, = In view of the complexity of gyroscopic instruments, special emphasis must be 


i nle of dimensional analysis during final 
” assembly of the gyro horizon; tnis is done to 


PITT OP Aer 


ee 
Ak 4 
2 
Laren d NY 
TET OO OS 


32 


Le. 


obtain the correct pesitioning of the lathe 
34 


aa relative to the prong; by means of these, 
36 


iad rotation of the rotor casing is transmi 
. ted to the miniature airplane. 
| To do this, we mst determine the posi- 
° tion of the cylindrical tip of the lathe dog 
=" relative to the thickness of the prong end; 
position is determined by the two oo ee a and 6 (Fige37h)e 
The dimensions a and f are the aa links in the two dimensional eee 
- Let us make an analysis of the tolerances for a concrete example (Table 47). 


| 
‘The calculation to maximum and minimm is 
| 
apse ee ee es 


ermaranty Sse 7 . ed - ee eee ake ee 
aoe & ane reyes a, EE A OES ag LF atin, tat Stoel 
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| Lathe dog 7 | a ! 
se y ; +0.36 | @.36 | 7 7,18 | 9,18 | 
r 40,5 | 3,5 2,5 | 3 
on a | | | 05 | 
os d 33,3 | --0,17 | 33,3 | 33,1 | 
= Rotor casing Pe er a 
wo m 3,5 | +0,16 3,66 3,5 3,58 0,08: 
onic | 
26__| ! | 
a 3 
43_ a) Names b) Di ° 
) imensions; c) penvenys oot sign; d) Nominal; e) Tolerance; 
50! f) Limit dimension 
bg 83; §) max.; h) ie i) Mean size; 5) Half tolerance 
52 | 
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ee 


“Begtk—s+p+b—t—x—d+m—e+y—r; 
B =41,5+45—0,6 + 1,8-+ 2,47 —0,7 — 1,6 —33, 13+ 
+ 3,66 — 18,72 +7,36—2,5=4,04; 
B. = 41,3-+4,42—0,8 + 1,68 + 2,41 —0,8— 1,2— 
| 33,334 3,5—19+-7—3,5 = 0,91. 


—— _-« 


Thus the tolerance for B — 58 = 3.13 will be 


- a=d—m+c—g—k+s—p—b+t+x—n:; 
a. = 33,3—3,5 + 19—41,3—4,42 + 0,8 — 1,68 — 
—2,41+-0,8 + 2—0,26 = 2,33; 

a ..= 33,13 —3,66 + 18,72 — 41,5 —4,5 + 0,6 — 1,8 — 

— 2,47 +-0,7 + 1,6 —0,3 = 0,52. 


-_ ——— — a 


- ar _ 


Consequently, the tolerance fora - om = 1.61. 
| 
Let us define the tolerances by another method of dimensional analysis, a mth- 


| 
od based on the theory of probabilities [aceording to eq.(16.12)]. 
When no data are available 6n the scattering of €he dimensions, it can be as- 


sumed that the -scattering follows the law ‘of equal eee » according to which 


— eee eee 


a,=0Q; — Ve ' 


- ss = = - —~—- 


—<— 
— oe ow ee et 


—_ oe —~—_—_ = 


8 — =A. es =(g+ktp+botm+y)— ae eee 
+- W 31,7383 = (60,8 — 58,325) + 1,73 V0,3842 = 2,475 + 1,075. 


Prax = = 3,55; B nin 1,4. The tolerance for o — Gz = 2,15. 
43,=(d+e+s+t+x)—(m+g+ktpt+o+n)+V 21,733} = 


= (55,325 — 53,9)-+1,73 V 0,1022 = 1,425 + 0,555; 
2 rag = 1:98; Fig == 0,87. The tolerance jor a—t, = 1,11. 


-_— ee —_ 


In this case, | 


As the analysis of tolerances shows 2 .at tolerances of 58 > 3.13 and 6, > 1.81 
eo method - oe ‘full interchangeabitity, as is evid 





ae te a ee ae oe ee ee 
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a At tolerances of 5g = 2.5 and by = ils, the assembling cannot be done by the 
liad ts tl teclacacaeans, dial 


_case, it mst _be_done_by the method of —— 
_ 
ees interchangeability, which is ees on making use of the theory of probabil- 


i a TE IS Aah SS ee 
oe (4. e., for a small percentage the tolerances of the closing links will go be- 
2 


—!yond the required limits 5g = 2.5 and by ! 1.5)6 


0 


At tolerances of 6, = 1.5 and 5, = 045 in the practical example, the dimension~ 
al chains cannot be solved by either the method of full interchangeability or the 


__imethod of partial interchangeability, since the percentage of fejects will be con~ 


= ee eee re ee ae " 


siderable. In such a case the dimensional analysis can be done by other methods (by 
Z matching, by selective assembly, by fitting, etc.). 
In this Chapter, we have examined the technology for producing special parts 


and the assembly of pneumatic gyroscopic aNSUEUREHUSs As far as basic parts and 


24 | 
cnits are concerned, the technology for electric gyroscopic instruments is analogous 
: 


to the above-described assembly, with the !exception of the electric motor, the cor- 
recting mechanism, the current feeds, and/some other special parts and units. 
30 


From the point of view of Socio ree the manufacture of electric motors is of 
32 


i extreme significance and interest. This i is examined ip the next Chapter. 
36 e 
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